RE(?!:!‘ -

INC

Spec ‘upo‘ﬂonof & Environmental Heaith

October 8, 2003

Mr. Marvin W. Nichols, Jr.
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1100 Wilson Blvd.

Arlington, VA 22209-3939

Dear Mr. Nichols:

Enclosed with this letter are my updated comments on the Proposed Final Rule
for Diesel Particulate Matter Exposure of Underground Metal and Nonmetal
Miners (Fed Reg 68:48668 et seq., August 14, 2003). | have also included
copies of my three previous sets of comments and my current CV.

In preparing these comments, | considered whether recently published scientific
reports have altered the opinions zontained in my earlier comments. My updated
review of the scientific literature confirms my prior opinion: the MSHA PELs are
not scientifically supported.

Thank you for your considerations
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Diesel Particulate NH\atter Exposure of Underground
Metal and Nonmetal Miners: Final Rule
Federal Register 66:5706-5910, 2001

Updated Commants of Jonathan Borak, MD
Oftober 8, 2003

Over the past four years, | have qubmitted three sets of comments to MSHA
concerning its proposed rules for|Diesel Particulate Matter (DPM) in underground
metal and nonmetal mines. This most recent proposal raises many of the same
issues that | discussed in those previous comments. The most important of those
issues remains the generally accepted fact that the scientific database is
insufficient to sustain a meaningfyil quantitative risks assessment (QRA) for DPM.
That view, which is supported by jnumerous authorities, should raise important
concerns within the Agency becalise if data insufficiencies lead to an inability to
perform scientifically correct QRA, then there is no scientific basis for the specific
exposure levels that lie at the hegrt of the current proposal.

In my prior comments, | expressed the view that the Agency’s permissible
exposure limits (PELs) for diesel pxhaust particulate (which MSHA earlier
proposed to measure as total carpon and now proposes to measure as elemental
carbon) are not supported by scigntific evidence. My updated review of the
scientific literature confirms my pfior opinion: the MSHA PELs are not
scientifically supported.

As described below, the deficiendies of that database noted previously by me
(and others) persist undiminished. Likewise, QRA for diesel exhaust is as
scientifically unjustified and unjustifiable today as it was in1998.

My earlier submissions essentially consisted of an initial set of comments
followed by two sets of updates trrat each extended the underlying literature
review by including ever more regent publications. Despite the growth in the size
and number of contributions to thpt literature, the conclusions of the literature
review were not fundamentally allered. Similarly, my current comments update
that review, but find that there is o basis to change the original conclusion.

To allow these current comments| to be brief, while also not ignoring important
concerns to this rulemaking, | haye attached my earlier comments as
appendices. Rather than reiterajing the earlier arguments, | will refer to them
according to appendix and page.} The contents of those Appendices are as
follows:

Appendix A: Comments if 7/28/98 by Jonathan Borak, MD and Howard
Cohen, PhD, CIH, made on behalf of the National Mining Association.
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as an addendum to earliefjcomments made on behalf of National Mining

Appendix B: Comments ’Tated 7121/99 by Jonathan Borak, MD, prepared
Association.

Appendix C: Comments f 11/05/01 by Jonathan Borak, MD and
submitted to Hon. David Liauriski on behalf of the MARG Diesel Coalition.

1. Is Quantitative Risk Asse]essm'ent for DPM Possible?

database and expressed concerrjs that that database was not adequate to

In my previous comments to MSHIA, | detailed deficiencies of the scientific
perform quantitative risk assessnjent (QRA) for diesel particulate material (DPM).

Among the issues raised were th

2Se!

a) The original proposal contained a Risk Characterization for lung cancer
that misrepresented key studies and neglected others that differed with or
reached alternative conclusions than MSHA (Appendix A, pages 2-6);

b) MSHA ignored the gengrally-accepted evidence that animal models of
DPM-induced lung cancerjwere not applicable to humans (Appendix A,
pages 6-7),

c) The MSHA risk charactprization wrongly relies upon the Healthy
Worker Effect to explain rgduced rates or lack of increased rates of lung
cancer in DPM-exposed wprkers, rather than addressing such reduced or
non-elevated cancer ratesjas suggesting the absence of adverse effects
(Appendix C, pages 6-10);

d) The MSHA risk assessinent is qualitative, not quantitative because it is
not based on quantitative ¢xposure measurements. (Appendix A, pages
11-13).

Although my specific concerns addressed risk assessment for DPM-related
cancer, they also applied to non-¢ancer endpoints. In support of that view, | cited
the 1999 report for the Health Effects Institute (1) that found a general lack of
exposure data in the relevant epiglemiological studies and concluded [see
Appendix B, pages 7-8].

“Only two such studies reported any quantitative exposure data
associated in some manngr with the occupational epidemiologic studies.”

As | pointed out then, neither of those two considered miners. Moreover, the HEI
Panel further concluded that one of those two was not suitable for QRA:
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“the railroad worker cohorl study has very limited utility for QRA of lifetime
lung cancer risk ... the Panel recommends against using the current
railroad worker data as the: basis for QRA in ambient settings”;

while the second had been insuff|ciently evaluated and was therefore of only
limited value:

“[It] may provide reasonabje estimates of worker exposures to diesel
exhaust, but significant furjher evaluation and development are needed.”

Since then, there have been many debates, but essentially no new data have
rectified that underlying data defi¢iency. For example, the just-published

Proceedings of a Health Effects Ipstitute workshop reached conclusions of even
greater concern:

“A principal limitation of epjdemiologic studies of diesel exhaust exposure,
whether of short-term or long-term effects, has been bias from potential
exposure misclassification| Even in the occupational studies of workers
exposed to diesel exhaust] exposure misclassification has been a
substantial constraint in inferpreting findings... Among the principal
research issues are the foljowing: - Is it possible to accurately measure
diesel exposure so that quantitative estimates of the risk of lung cancer
associated with diesel exppsure can be made?” [(2), p. 4]

Likewise, Eric Garshick (principallauthor of the railroad worker study that is
central to the MSHA risk assessnjent) presenting at that Health Effects
Workshop, reiterated his public cpncerns that neither his own study nor any other

was an adequate basis for quantifying the sort of dose-response necessary for
QRA:

“Although California has c¢nsidered diesel exhaust to be a lung
carcinogen with an estimable risk, this assessment is controversial. Given
the lack of exposure measprements and an ill-defined linkage in the
majority of these studies btween job title and personal exposure ...

“Although current literature identifies diesel exhaust as a health hazard,
insight into a dose-respongsie relationship is limited by factors related to
both cohort selection and ¢xposure assessment. The development of an
exposure model in the exj.ting diesel exhaust epidemiologic literature is
hindered by a lack of expgsure measurements upon which an exposure
model can be developed, uincertainty regarding the best measurement or
marker(s) indicative of exposure, and uncertainty regarding historical
exposures.” [(3), p.17, 21ﬂ

That deficiency has been increas|ngly well recognized by others outside of
MSHA. Of particular note is the 2002 USEPA Health Assessment Document for
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Diesel Engine Exhaust (4). In thi
database on DPM was too uncer

‘at document, EPA concluded that the scientific
'ain to sustain QRA:

“...the available data are donsidered inadequate to confidently estimate a
cancer unit risk...” (p. 8-11"

“Because of uncertainty in the available exposure-response data, a cancer
unit risk/cancer potency fo- diesel exhaust has not been derived” (p. 9-24).

QRA. Likewise, EPA could makg no definitive assessment of non-cancer health

Accordingly, EPA published only%a weight-of-evidence risk assessment, not a
effects:

“Information from the available human studies is inadequate for a

definitive evaluation of pogsible noncancer health effects from chronic

exposure to diesel exhausy” [(5), p.35]
For presumably similar reasons, ACGIH recently withdrew its proposed threshold
limit value (TLV) for diesel exhaupt (6). That withdrawal is striking because more
than 7 years had been spent in efforts to set a diesel exhaust TLV. During that
time, three different proposed TLYs (an original proposal and two subsequent
revisions) were listed on its Noticg of Intended Changes. In light of those 7 years
of effort and deliberation, the dedqsion to withdraw, rather than revise, reflects the
fundamental weakness of the scigntific data needed to set a TLV, not lack of
interest in its formulation.

not sufficient to allow meaningful j[quantitative risk assessment. No new data

Thus, the past two years has seeJn only confirmation that the DPM database is
have been added to the databas

that address those deficiencies.

2. Ultimate Carcinogens an}d Exposure Assessment

Beyond confirming the previously, noted deficiencies of the underlying database,
recent studies have evidenced other important data deficiencies that previously
had not been well appreciated ard that now heighten awareness of the
difficulties of performing DPM exposure assessments necessary for QRA. A
particular concerns involves detefmination of the appropriate exposure metric.

if DPM is a human carcinogen, then it should be expected to contain at least one
specific carcinogenic agent. Forjvarious reasons, it seems almost certain that
such a carcinogen would be founH in the organic carbon (OC) fraction of DPM,
rather than either the elemental garbon (EC) fraction or the gaseous volatiles.

caused lung cancer in rats, but ngt other species. Such cancers have been

Early rodent studies found that DPM, like carbon black and titanium dioxide,
attributed to ‘dust overload’, a physical process and mechanism of disease that is
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not believed to be relevant to huthans (7-9). This argues that elemental carbon,
essentially equivalent to carbon Rlack, is not a potentially carcinogenic exposure
in man. The Presidential Commipsion on Risk Assessment supports that view
(10). Other studies found no evidence in rodents of lung cancer after exposure
to the volatile gases in diesel exHaust (11). Thus that fraction seems also
unlikely to pose cancer risks to hfimans. (See also Appendix A, pages 6-7).

On the other hand, the organic friaction of diesel exhaust contains specific,
potentially mutagenic and carcin¢genic agents, e.g., 3-nitrobenzanthrone and
other nitro-PAH compounds. Re(:ent studies have documented the presence of
such agents in DPM and their aclivation by human enzyme systems (12,13).
Likewise, DPM has been shown o upregulate cytochrome P450 1A1 (CYP1A1)
leading to increased production cf potentially mutagenic superoxide radicals (14).
Commenting on their findings, the authors of the latter study made clear their
view that PAHs, not elemental carbon were the active agents:

“Judging from the previous. reports and the present study, PAH in DPM
should be responsible for {he changes in these molecules and carbon
nuclei of DPM are unlikely, to influence the expression” (14).

Such data raise several concerns relevant to QRA.

oxide radicals and if that is the mgchanism that leads to lung cancer, then DPM
would best be described as a thr¢shold carcinogen not amenable to linearized

risk assessment models. The risk assessment models for DPM cited by MSHA
rely on linearized models.

First, if DPM exposure mediates ﬁ process leading to the formation of mutagenic

Second, and more generally, thege findings suggest that if DPM exposure can
cause human lung cancer, it is probably due to exposure to certain specific
organic components. Most studieles have not measured the organic fraction
(organic carbon or OC) of DPM and none have attempted to measure the
potential specific carcinogens. That failure would be of little consequence if OC
exposure levels were closely related to levels of elemental carbon (EC) or total
carbon (TC = EC + OC), the DPNI measures that are most often reported. But,
that relationship is not stable; measurements of EC and TC are now recognized
as poor predictors of OC exposufe. Because there are essentially no
epidemiological data correlated t¢ OC levels, and because EC and/or TC levels
in such studies can not accurately predict OC, there are large and important
uncertainties in the exposure assessments needed to sustain QRA. This can be
restated simply: historical studieghave used the wrong exposure metric for
predicting lung cancer risks.

that EC and TC are poor estimatgrs of OC. Much of that data has come from

Over the past two years, an increasing number of publications have documented
studies of miners. My colleagued and | published results of nearly 800 personal

Comments of Jonathan Borak, MD October 8, 2003



and area samples from seven U$ mines, documenting that the EC:TC ratio
varied from 0.02 to 0.73, depending on the mine, location and total DPM air level
(15). Similar large variability canjbe inferred from studies of Australian coal
mines (see Tables Il and Iil in (1§)). Data similar to those that we reported were
described in an HEI study of a U$ gold mine (17).

But miners are not the only worké¢rs for whom EC and TC are inappropriate proxy
measures of OC. A 2002 study rpported comparable variability of EC, OC and
TC in the diesel exhaust from raifoad locomotives (18). The authors of that
study concluded:

“In this study EC constitut¢d a range of <1-75% of the TC in the
locomotive cab” (18).

In addition, researchers at the Cglifornia Air Resources Board have found that
the EC:OC ratio varied markedly jas a given engine was subjected to different

standardized dynamometer test grotocols (19). The proportion of EC in DPM

varied from ~20-80%, depending|on engine cycle and test protocol.

The Health Effects Institute has 1Iso recently addressed and summarized these
data:

“‘measurements have shown that diesel PM emissions vary greatly in
composition as a result of pehicle operating conditions, engine type, fuel
properties, and maintenante... Variability in PM emissions resuits in
variations in the source profiles and, in particular, in the relative amounts
of EC, OC and ultrafine PM, and possibly specific markers... Diesel
emissions contain varyingjmounts of OC and EC. They range in
composition from 90% EC|data high loads (very seldom are engines run at
full load) to 90% OC at idlg.” [(2), p. 11]

Such findings have important imglications. Cancer risk assessments are
extrapolations derived from estimgtes of relevant dose-response relationships. |
exposure metrics are uncertain, then resulting calculations of individual dose
(derived from those exposure megsures) must be uncertain as well. And if
calculated doses are uncertain, then the corresponding dose-response curves,
which can not be more accurate than measured dose, will be still more uncertain.
But QRA, which rely on extrapolations rather than direct measurements, cannot
be more certain than the dose-regponse data that defines them. Thus,
uncertainty in exposure assessments leads to substantially greater uncertainty in
any QRA that relies upon those assessments.

The MSHA risk assessment relies on exposure measures that are not good
predictors of exposure to putativel carcinogens. It is derived from measurements
of EC or adjusted respiratory parliculate (analogous to TC) measurements that
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are almost certainly not directly rIaIevant to calculating lung cancer or other DPM
health risks.

For such reasons, the MSHA risk assessment cannot be defended: it is based on
the wrong exposure metric and, therefore, is not consistent with standard risk
assessment practices. This condlusion, which is consistent with my earlier
comments, is also consistent withy the recent conclusions of the Health Effects
Institute and USEPA, who argue fhat the current DPM database is insufficient for
QRA.

MSHA should join with other resgionsible agencies and advisory groups by
acknowledging the scientific limitiations of the current DPM database for QRA,
rather than forcing adoption of exposure limits that purport to be derived from a
risk assessment that is scientificelly indefensible.

3. Revision of the Teamste»}'s’ Exposure Assessment

In a just published report (20), Baiiley et al presented a ‘refinement’ of the
exposure assessment that was earlier utilized for QRA on lung cancer mortality
in truck drivers by Steenland et a] (21). This ‘refinement’ was a response to
criticisms raised by the Health Effects Institute and others regarding the exposure
assessment employed in that QRA. Although presented as an effort to address
uncertainties, this effort does notlclarity the issues. Among its deficiencies are
the following:

a). Bailey et al accepts thaat there are important alternative sources of EC:
“Recent studies have shown that gasoline vehicle exhaust is responsible
for a substantial portion offambient EC”. In the present study, they
assumed that the averagejproportion of EC due to diesel in the Steenland
et al study was 59%. But, fthat study relied on a 1991 exposure survey by
Zaebst et al (22), which digl not provide data necessary to determine that
value. Instead, Bailey et dl have relied on data from other locations and
times. Whether this approiximation is correct (and whether it is correctly
described as a beta distribution) is not directly testable or knowable.

b) A similar uncertainty inyolves the authors’ assumption that on average,
EC represents 63% of DPIM by weight. That number is derived from a
pooling of data from varioys recent studies of truck emissions. Preliminary
data from California Air Resources Board indicates that the EC:TC ratio
can vary widely depending on engine load, fuel type and test protocols. |
also suspect that performance of older diesel engines was measurably
different from that of moreirecent engines. Whether 63% is a correct
figure for purposes of refining the Steenland et al risk assessment is not
directly testable or knowatlle.
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c). A key issue in the histcrical reconstruction of the Teamsters DPM
exposure assessment concerns the rate of dieselization of heavy-duty
trucks. Bailey et al back-extrapolated exposures to 1937 and assumed
that the rate of dieselizaticn was linear from 1937 to 1963. lItis my
understanding from the enjgine manufacturers that this is a very unrealistic
assumption and not justifigible because the sharpest rate of increase was
associated with creation of the national highway system in response to
Eisenhower administratior] programs of the 1950s. From their
perspective, this invalidate's the study.

For several reasons, this report Has no immediate impact on the risk assessment
presented in the MSHA Proposed Rule.

a). The study is based on srroneous assumptions. Therefore, it is not
clear that it has improved he accuracy of the prior exposure estimate.

other sources, mainly gas¢line engines. They also acknowledge that EC

b). Bailey et al explicitly agknowledge that 40-50% of measured EC is from
is probably a marker of ex|

osure, rather than being the “carcinogen”:

“EC is the core of dlesel particulate and is the carrier of
condensable organic material that is also emitted. The organic
fraction of DPM includes a range of organic species ... a number of
these organic speciges are carcinogenic... however the mechanism
of injury associated|with DPM is not currently known”.

EC is also the marker of exposure from gasoline engines, and the exhaust
from gasoline engines als¢ contains potential carcinogens.

c). There is no a priori reagon to assume that if lung cancers were
increased among truck driyers, then that increase would be due to the
non-EC fraction of DPM, rither than the non-EC fraction of gasoline
engines. And, to the exter)t that EC exposure is a metric of miles driven or
hours “on the road”, it would be expected to be a covariate of any other
carcinogenic exposures that were associated with miles driven or hours
“on the road”.

d). The study itself does npt comment on exposures among miners or in
underground mines. Likewise, it is not clear that these data are useful for
specifically calculating lungj cancer risk among miners.

Thus, it is my opinion that the recent report by Bailey et al is a flawed effort to
refine the reconstruction of historical exposure among truck drivers who died in
1983. It is not directly relevant tg exposures in miners or exposures in mines. It
is not a risk assessment and it hgs no immediate impact on estimation of the
carcinogenic potency of diesel particulate.
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4. Human Health Data in thw}e Final Rule

The “preamble” discussion and health effects literature cited in the proposed
Final Rule present no additional pr new data relevant to the human health risks of
DPM. Accordingly, there is notl:ng in the Federal Register notice of the
proposed Final Rule that alters my original opinions.
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The Mine Safety and Health
published its Proposed Rul
material (dpm) in undergro
1998).
adverse health effects in
this possibility deserves

1N

dministration (MSHA) recently
for exposure to diesel particulate
d coal mines (Fed Reg 63:17492-17579,

We share MSHA'’s corjcerns that dpm might contribute to

derground miners and we believe that
cientific evaluation. Unfortunately,

we find that the Proposed Rule inadequately addresses these

concerns.

In particular, careful read
that it rests upon a seriesg
review that lacks critical
only qualitative (rather tH
forced to conclude that thg
the best available evidencs
exposure to dpm in undergrg
impairment to health or fup

ing of the Proposed Rule indicates
of incomplete arguments, a literature
rigor, and a risk assessment that is
an quantitative). Accordingly, we are
MSHA Proposed Rule is not based on
and does not determine whether
und coal mines results in material
jctional capacity. Our detailed
W.

comments are presented beld

I.

The section on Risk Characterization for Lung Cancer in the

MSHA Proposed Rule reflects a lack of critical rigor,

misrepresentation of

ey studies, and circular reasoning.

In its risk characterizati{n for lung cancer, MSHA states that
its conclusions are based ¢n the results of epidemiological
studies, animal studies, and genotoxicological studies. On the
basis of those results, which it calls “coherent and mutually
reinforcing”, MSHA concludg¢s (p.17540):

[Tlhe epidemiological
data establishing the
provides strong evide
exposure increases th

We agree that MSHA should
reflected by the Proposed

studies, supported by the experimental
plausibility of a causal connection,
ce that chronic occupational dpm

risk of lung cancer in humans.

onsider such studies. But as
ule, we find its considerations to be

one-sided and lacking in cfitical rigor.

In particular, MSHA has: 1
support its conclusion, wh
also failed to indicate im
regarding the interpretati
relies upon; 2) misreprese
3) used circular reasoning
epidemiological, animal an
“coherent and mutually rei

) selectively presented studies which
ile ignoring others not supportive, and
sortant disagreements and disputes

on and meaning of studies that MSHA
nted the findings of a critical study;
to support its argument that the

i1 genotoxicological studies are
nforcing” .




W

Our specific concerns are lustrated in the following
discussion:

1.

Biased Selection of Ignoring Disagreements

Among the epic L studies that MSHA identified as of
particular importance |to its analysis and Proposed Rule are
two studies of railrogd workers by Garshick et al. (1,2).
MSHA describes those gtudies as “the two most comprehensive,
complete, and well-coftrolled studies available” (p.17534)
and “most notably ... |based on far more data, contain better
diesel exposure information, and are less susceptible to
confounding” (p.17532

But, MSHA failed to ipdicate that two reanalyses employing
different analytical rmethods have challenged the 1988
Garshick et al. findiggs (2). In one, Crump et al. (3)
found evidence of undgr ascertainment, subject selection,
and inverse-dose relaffionships, thereby suggesting important
limitations to the Gagshick data. The Crump et al. study,
which found no statisfical association between dpm exposure
and lung cancer, is n¢t cited in the MSHA proposed rule.
(By contrast, Crump ef al. is discussed in detail in two
studies that MSHA indilcates it relied upon, Stayner et al.
(4) and the California EPA risk assessment (5)).

In the second reanalyiiis, Cox (6) employed analytical
methods developed in the AI-and-statistics (“artificial-
intelligence-and-stat}lstics”) literature and concluded that
the Garshick et al. dfta did not support a causal
association between dpm concentration and occupational lung
cancer. MSHA cites the Cox study without detail, merely
listing it as one of geveral that raised questions “as to
whether the evidence linking dpm exposure with an excess

risk of lung cancer demonstrates a causal connection”
(p.17539) .
Considering MSHA’'s stitement that the 1988 Garshick et al.

study was of particulpr importance for justifying its
Proposed Rule, failurg to discuss two detailed reanalyses
that disagreed with that study’s conclusions and MSHA'’s
interpretation is an fmportant omission.

MSHA details the contpnt of a “comprehensive statistical
meta-analyses of the ppidemiological literature” performed
by Bhatia et al. (7) pnd then concludes the discussion with
a quote from the 1 1 et al. (p.17540):



[

“[Tlhis meta-anallysis supports a causal association
between increased risks for lung cancer and exposure to
diesel exhaust.”

MSHA neglects to mentijon the differing opinion expressed in
an accompanying editofgial by DT Silverman, Principal
Investigator of the orf-going NCI-NIOSH study of dpm in non-
metal mines. In that |editorial, Silverman states (8):

“Bhatia et al. cdnclude that the data support a causal
association betwden diesel exhaust and lung cancer in
humans. Has scidnce proven causality beyond any
reasonable doubt] Probably not. The repeated finding
of small effects] coupled with the absence of
quantitative datd on historical exposure, precludes a
causal interpretgtion”.

MSHA cites the Silverman editorial without detail, listing
it as one of several that raised questions “as to whether
the evidence linking (lpm exposure with an excess risk of
lung cancer demonstrafes a causal connection” (p.17539).

In light of the imporiance that MSHA gives to Bhatia et al
its failure to discusi the Silverman editorial which
specifically disagreess with MSHA’'s view is a significant
omission which again Jreflects MSHA’s underlying bias.

2. Misrepresentation of esearch Findings

MSHA discusses a yet unpublished report by Stayner et al. (4)
which summarized a number ¢f previous quantitative risk
assessments on dpm and lung cancer. With respect to that report,
MSHA presents the following summary and interpretation (p.17541):

within each broad catpgory ... However, all of the very
different approaches pnd methods published so far, as
described in Stayner pt al., have produced results
indicating that levelfp of dpm exposure measured at some
underground mines prepent an unacceptably high risk of lung

[E] stimates of the exhct degree of risk vary widely even
cancer” [emphasis addpd by MSHA].

complex risk assessment by| Crump et al. (3) that reached an
opposite conclusion. That| risk assessment was published as an
appendix to the EPA risk segsment (9). Following is Stayner’s

But the MSHA statement is prong. Stayner actually describes a
statement describing the ump et al. study:



“More than 50 analyse
to dpm and lung cance
different markers of
exposures,
1959,
the analyses revealed

several sul
and both relatiy

s
hi
§

of the relationship between exposure
mortality were conducted using 5
xposure, 5 ways of accumulating past
igroups of the cohort based on job in
e and absolute risk models. None of
a significant positive relationship

between dpm exposure

nd lung cancer, and some of the

analyses produced ne

g
jtive exposure-response relationships”

[emphasis added].

Stayner further states tha
methodology, Crump “acknow
analysis”, but again no si
relationships were found i
corroborated by California
parallel calculations with
approach of the report sti
positive relationship” (5)

In light of the importance

after errors were found in Crump’s
edged the errors and repeated the
nificant exposure-response

most of the models. (This is

EPA: “the investigation determined in
Dr. Crump, that the particular

1 did not lead to a significant

that MSHA gives to the Stayner et al.

study, misrepresentation oji its contents seems a significant
error. It is even more sti:iking that MSHA wrongly emphasized
that “all approaches and methods” had yielded results
indicating that dpm exposujre at some underground mines posed
unacceptably high risks.

3. Reliance on Circular Reasoning

In its Characterization of|Risk for Lung Cancer, MSHA relies

heavily upon its determina
epidemiological, animal an
“coherent and mutually rei

Results from the epid
studies, and the geno
mutually reinforcing.
MSHA has concluded th
supported by the expe
plausibility of a cau
that chronic occupati
lung cancer in humans

But it is not obvious that
contains such “coherent a
the contrary, it seems th
actually a product of cir
may be best seen by resta

ion that the results of
genotoxicological studies are
forcing” (p.17540):

miological studies, the animal
oxicological studies are coherent and
After considering all these results,
t the epidemiological studies,
imental data establishing the
al connection, provide strong evidence
nal dpm exposure increases the risk of

the scientific literature actually
mutually reinforcing” results. To
such coherency and reinforcement is
lar reasoning practiced by MSHA. This

ing the arguments made by MSHA in the



proposed rule.

3a.

Epidemiological data

MSHA
most

Moreover,

indicates that there
of the individual stu

Since none of the exisg
contain major deficier
reported results diffg
significance. Shortc
negative studies incly
respect to exposure; i
characterization of tl
uncertain quantificati
incomplete, uncertain,|
tobacco smoke and othsg
size, dpm exposure, oY

that 38 of 43 stud
cancer associated with
significant result, ey

joy

imch epidemiological data, but that

ies are not very good. For example
ting human studies is perfect and many
cies, it is not surprising that
r in magnitude and statistical
mings identified in both positive and
de: possible misclassification with
ncomplete or questionable
e exposed population; unknown or
on of diesel exhaust exposure;
or unavailable history of exposure to
r carcinogens; and insufficient sample
latency period. (p.17532)

ies showed any excess risk of lung
dpm exposure may itself be a
en if the evidence in most of those 38

studies is relatively

weak. (p.17533) [emphasis added]

MSHA notes that

studies provides sufficien
cancer:

MSHA

MSHA recognizes that

one of the individual epidemiological
evidence that dpm causes human lung

o single one of the existing

epidemiological studigqs, viewed in isolation, provides

conclusive evidence o

a causal connection between dpm

exposure and an elevatjed risk of lung cancer in humans.

(p.17539)

ultimately describes

suggesting the “plausibili

relationships” between dpm
“plausibility”, MSHA argues
animal studies:

Thus,

The fact that dpm has
laboratory rats is of

plausibility of a cau
observed in the human

MSHA concludes that

association between dpm an

made

credible in light of

he epidemiological results as
y of a causal interpretation for
and human lung cancer. Such
, 1s supported by the results of

been proven to cause lung cancer in
interest primarily in supporting the
al interpretation for relationships
studies. (p.17540)

he epidemiological studies suggest an
lung cancer, but that suggestion is
he animal data.



3b. Animal data

Chronic exposure to dpm cay
“confirmed in two strains ¢
laboratories”, but such eff
other species. Moreover, j
differs from that of rats.
extrapolation of risk from

The conflicting resulf
the carcinogenic effeq
dependent. Indeed, mor
respond quite differej
exhaust and coal dust

experiments do not, by

to dpm exposure for hi

Accumulated evidence also 1
develop lung cancer followij
identical cancers following
particulates of carbon blad

|3

ses lung cancer in rats, a finding

f rats and in at least five

ects have not been demonstrated in

ulmonary response to dpm in primates
Therefore, MSHA concludes that

rats to humans is problematic:

s for rats and hamsters indicate that
t of dpm exposure may be species

l)key lungs have been reported to

itly than rat lungs to both diesel

Therefore, the results from rat
themselves, infer any excess risk due
mans. (p.l17536)

ndicates that strains of rats which
ng chronic dpm exposure also develop
exposure to non-genotoxic sub-micron
k and titanium dioxide. MSHA agrees

that this suggests that dp
due to the genotoxicity of

Therefore, it appears
some species, may resiy
to the particle itself
the adsorbed organic q¢

MSHA also discusses evideng
mechanism for rat lung cand
black and titanium dioxide

does not occur in humans i§ also discussed.

others, such as the Presidg

I

induced lung cancer in rats is not
iesel exhaust:

that the toxicity of dpm, at least in
11t largely from a biochemical response
rather than from specific effects of
ompounds. (p.17537)

e that dust overload is the causal
ers after exposure to dpm, carbon

Data suggesting that dust overload
These data have led
ntial/Congressional Commission on Risk

Assessment and Risk Manage
the rat lung cancer model
rigsk assessment. For exam
“"Regulatory agencies shoul
that are predictive and th
refers to rat lung tumors
mechanisms as an example o
be relevant to human cance
observed” (10).

MSHA, however, offers no e
rat model is relevant,

!

con¢luding simply that:

ent (“Commission”), to conclude that

ay not be relevant to human cancer

le, the Commission cautions that
distinguish between tumor responses

se that are not” and specifically

fter the overwhelming of clearance
“rodent tumor mechanisms that may not
risk if they are the only responses

idence to support its view that the



MSHA is not aware of 3
carcinogenesis due to
to humans. Studies c4
provide such evidence

We are concerned that MSHA
there is no evidence. Ultj
cancer model is relevant tg

8

Iny evidence that a mechanism of

fine particle overload is inapplicable

rried out on rodents certainly do not
(p.17537)

maintains this view precisely because
mately, MSHA argues that the rat lung
humans because of the epidemiological

studies:

The human epidemiological data, however, indicate that

humans comprise a spe
hamsters, suffer a ca
Therefore, MSHA consi
to an evaluation of t

Thus, despite lack of a di
evidence to the contrary,
justify its view that the
mechanistically to humans.

3c. Genotoxicity data

MSHA indicates that diesel
systems, but also allows tH
that lung cancer risks of d
to genotoxic mechanisms.

data neglects a number of
negative studies has led of
conclude that “the role of
exhaust in the development
undefined” (5).

important studies (11-13).

ies that, like rats and unlike
cinogenic response to dpm exposure.
ers the rat studies at least relevant
e risk for humans. (p.17536)

ect connection and accumulated animal
SHA argues that epidemiological data
at lung tumor studies are relevant

soot is genotoxic in a variety of test
at there are other data suggesting
iesel exhaust in animals is unrelated
he MSHA discussion of this negative
Those

hers, such as California EPA, to

the genotoxic constituents of diesel
of rat lung tumors is as yet

Nevertheless, MSHA specula
are “masked” by dust overl

Due to the relatively
studies, it is concei
or parallels other po
that effects of the g
masked or displaced b
Particle overload may
cancer at very high c
while genotoxic mecha
under lower-level exp

ad:

jes that the genotoxic effects of dpm

high doses administered in the rat
able that an overload phenomenon masks
ential routes of cancer. It may be
notoxic organic compounds are merely
overloading in the rat studies
provide the dominant route to lung
ncentrations of fine particulate,
isms may provide the primary route
sure conditions. (p.17537)

MSHA continues to speculatd about possible genotoxic mechanisms:
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Even if the genotoxic prganic compounds in dpm were
biologically unavailalle and played no role in human
carcinogenesis, this uld not rule of the possibility of a
genotoxic route to 1lu cancer (even in rats) due to the
presence of dpm partidles themselves... Therefore, the
carbon black and titarium dioxide studies cited above do not
prove that dpm exposu has no incremental, genotoxic
effects ... (p.17537)

Thus, the MSHA genotoxicity argument consists largely of

speculation that dpm might jcause cancer via a genotoxic

mechanisms because existing evidence cannot disprove the theory
MSHA seemingly ignores thq lack of direct evidence and the

consistency of contrary evildence.

3d. Summary

animal, and genotoxicologiqal studies on dpm and lung cancer are
“coherent and mutually reinforcing”. This is not so. But to the

MSHA argues that the research findings of epidemiological,
contrary, this is not so.

The “relatively weak” |epidemiological studies suggest only
“*the plausibility of causal interpretation”. To MSHA,
that possibility is mgde credible because “dpm has been
proven to cause lung dancer in laboratory rats”.

But, the rat experiments “do not, by themselves, infer any

excess risk due to dpn exposure for humans”. To MSHA, that
possibility is made ciyedible in light of the epidemiological
studies.

The genotoxicological|studies lead only to speculation of
possible mechanisms.

Whether MSHA’s concerns and speculations are correct, it seems
clear that the Agency has Huilt its logical argument without an
anchor point. The cited dqta and their inter-connections are
interesting and provocativg, but they are clearly not "““coherent
and mutually reinforcing”. | The section on Risk Characterization
for Lung Cancer in the MSHZ Proposed Rule reflects a lack of
critical rigor, misrepreseritation of key studies, and circular
reasoning.

II. There is little eviderce to support MSHA’s view that health
effects associated with ambient exposure to PM,; are
relevant to risk assessment for and regulation of diesel



exhaust.

A substantial part of the

SHA Risk Assessment considers “Health

Effects Associated with Fije Particulate Matter in Ambient Air”.

For example, MSHA states

Since dpm is a type o
about health effects
particles in general,
matter, is certainly
directly to dpm expos

MSHA recognizes two diffic
for risk assessments of mi
exposures to fine particul
specific to dpm (or any ot
2) observations of effects
necessarily apply to the p
difficulties, however,
compelling reasons to cons

We do not dispute that it 1
such data, but we disagree
in several ways. First, ag
has failed to note a varief
the utilization of such inﬂ

more importantly, we disag
[Tlhe excess risk of d
of the air with fine

“material impairment”
within the meaning of

In particular, we do not ag
studies referenced by MSHA
fine particles like dpm” [4
death or chronic lung dises
can be summarized as folloy

|
5

n IIT.2.a.iii:

respirable particle, information
ssociated with exposure to respirable
and especially to fine particulate
elevant, even if difficult to apply
(p.17528)

lties in utilizing such information
ers with occupational dpm exposure:
tes in air pollution studies are not
er single kind of particulate); and,
in the general population do not
pulation of miners. Despite those

1

the |Agency concludes that “there are

der this body of evidence”.

s appropriate for MSHA to consider
with MSHA'’s discussion and conclusion
discussed below, we believe that MSHA
y of technical difficulties that make
ormation problematic. Secondly, and
ee with MSHA’'s conclusion that:

eath that has been linked to pollution

ﬁarticles like dpm is clearly a

of health or functional capacity
the act. (p.17539)

ree that the ambient air pollution
have linked “pollution of the air with
mphasis added] to excess risks of

se. The basis for our disagreement

S:

MSHA argues that the ambient pollution literature for PM, s is

relevant to dpm because dp
size:

is mostly less than 1.0 micron in

A new NAAQS has now bden established for “fine particulate

matter” that is less
mostly less than 1.0
fine particulate. (p.

han 2.5 microns in size
icron in sgize. It is,
7510)

dpm is

therefore, a



MSHA appears to regard all
equivalent. We believe th

There are well recognized
between dpm and PM; 5. As
proposed rule (p.17504),

dpm is between 0.1-0.3 um
particulate matter is much
size.
sharp and samples collecteq
significant proportion of

DPM and other ultra-fine p
proportion of ambient part]
dpm represents less than 4

t

The cut-off diametex

lparticulates smaller than 2.5 um as

t this approach is not appropriate.

ifferences in size and distribution
llustrated in Figure II-1 of the

e mass median aerodynamic diameter of
e.g., 14-17). By contrast, ambient
more heterogeneous with regard to

of size selective samplers is not
| with PM; s samplers actually contain a
articles greater than 2.5 um (18,19).
rticulates represent only a small
culate samples: it is estimated that
percent of total suspended particulate

emissions (20).

Such size and distribution
implications for the antic
exposure. For example, MS
chronic cough, chronic phl
tracheobronchial effects.

studies documenting that r
biopersistence of inhaled

according to particle size
(i.e., less than 0.5 um) p
particular relevance, stud
found that tracheobronchia
particle size increased fr
pollution studies, even th
matter less than 2.5 um, a
nor inherently relevant to
micron particulates. such

MSHA has essentially ignor
dpm and air pollution-rela
focus of EPA’s NAAQS. Lik
credible basis for linking
risk assessments of exposu

In addition, MSHA has fail
expressed by EPA regarding
their ability to predict a
particulate exposures:

[Tlhere remains uncer
exposure-response rel
variability of risk e
attribute observed he

differences have important
pated health effects of particulate
’s concern that dpm exposure leads to
gm, and wheezing reflects mainly
But there are extensive research
gional deposition, retention and
articles differ significantly
especially very large and very small
rticles (e.g., 18,21-24). Of
es in humans and other species have
deposition increased by 2-10 fold as
m 0.8 to 6.0 um (25). Thus, air
se that considered “fine” particulate
e neither quantitatively predictive of
the physiological effects of sub-
s dpm, on the tracheobronchial tree.

d the differences between sub-micron
ed PM, s particulates which are the
wise, MSHA has failed to establish a
the PM, s literature to quantitative
e to dpm.

d to acknowledge the various concerns
the data underlying the new NAAQS and
d explain the biological effects of

ainty regarding the shapes of PM
tionships; the magnitude and
timates for PM; the ability to
lth effects to specific PM



constituents; the tim
effects (e.g., shorte
extent to which findi
to other locations; a
overall public health
While the epidemiolog
associations mentione
biologic mechanisms h

In summary, MSHA has faile
implications of size diffe
limited evidence linking P
effects, and persistent un
relationships between expo
effects. There is little

health effects associated

intervals over which PM health

ng of life) are manifested; the

s in one location can be generalized
the nature and magnitude of the

isk imposed by ambient PM exposure.

data provide support for the

above, understanding of underlying
not yet emerged.

to address important physiological
nces between dpm and PM, s, the

s specifically to adverse health
rtainties regarding quantitative

re to particulate matter and health
idence to support MSHA’s view that
ith ambient exposure to PM,. are

relevant to risk assessment for and regulation of diesel exhaust.

IIT. MSHA’s determination that methods do not exist to accurately
measure dpm is incorrect and results in a Risk Assessment

which cannot achieve cuantitative conclusions.

Critical to the MSHA Risk
Agency’s determination tha
measure dpm exposure:

The Agency is not conf
method for dpm that wi
verifiable results at

underground coal mineq.

That determination leads td
that the MSHA Risk Assessmdg
conclusions; secondly, thaf
or provide guantitative expg

ssessment and Proposed Rule is the
it is not possible to accurately

ident that there is a measurement
11 provide accurate, consistent and
lower concentration levels in
(p.17498)
two far reaching implications: first,
nt cannot achieve quantitative

MSHA cannot establish exposure limits
osure guidelines for dpm. . These two
below.

implications are discussed

1. MSHA Risk Assessment i

s Qualitative, not Quantitative

MSHA’'s Risk Assessment doeg
because it is not based on
of using accepted risk assqg
generate quantitative risk
risk to miners exposed at 1
concluded that:

not reach quantitative conclusions
measured levels of exposure. Instead
ssment methods (e.g., 10,26-28) to
characterizations and thereby estimate
rarious dpm levels, MSHA has simply

[M] iners subjected to
concentrations we pre

|

a lifetime of dpm exposure at
ently find in underground mines face a



significant risk of mgterial impairment to their health
(p.17494)

Because the MSHA Risk Assegsment is not based on exposure
measurements, its conclusidns are only qualitative. For the same
reasons, MSHA’s use of thelterm “significant” in the above quoted
sentence has no statistical] meaning.

As discussed below, we do 1ot agree that dpm measurements cannot
be made accurately and congistently. More importantly, we find
that MSHA has failed to adqquately justify its own negative
conclusions regarding use q¢f dpm exposure measurements. This is
particularly striking in light of MSHA’s acknowledgment that
various international regu}atory and advisory agencies have
already or are preparing tqd adopt explicit dpm exposure limits.

issue. On the one hand, MYHA states that it is not confident in
the ability to measure dpm|in underground coal mines, while on
the other hand it argues tljat currently measured levels are too

Moreover, the Proposed Ruldq is internally inconsistent on this
high:

At exposure levels currently observed in underground mines,
many miners are presertly at significant risk of incurring
these material impairments over a working lifetime.
(p.17495)

In short, we find that MS

opinion that quantitative

failed to reconcile that vi

other international agenci

self-contradictions of its

MSHA that a quantitative ri

should not be performed.

failure to calculate a ran
its assessment to be evalu
measurement uncertainties.
least use sensitivity anal
uncertainty on a quantitat

has failed to adequately justify its
pm measurements are not possible, has
ew with the opinions and actions of
s, and has failed to recognize the
own arguments. We do not agree with
sk assessment for dpm cannot and
e are surprised by the Agency’s
e of risk estimates thereby allowing
ted and critiqued in light of possible
We believe that the Agency should at
sis to estimate the impact of such
jve risk assessment.

As published in the Proposed Rule, the MSHA Risk Assessment is
inappropriately and unnecesgsarily qualitative and deviates below
standards and guidelines puyblished by the National Research
Council, Presidential/Congjessional Commission on Risk Assessment
and Risk Management, EPA, gnd others.

2. Adverse Effects of MSFA’s Failure to Establish Exposure
Guidelines




measured, the Proposed Rule relies on the use of best-available
technology (BAT) to controll particulate emissions originating
from diesel-powered equipmegnt used in underground coal mines.
MSHA explicitly rejects the alternative approach of establishing

Because MSHA “is not confident” that dpm can be accurately
exposure limits or guidelines:

The agency also spent considerable amount of time studying
whether it could simp propose a concentration limit for
dpm in underground co mines ... However ... the Agency
believes that the best] approach for the underground coal
sector would be one whHich does not require measurement of
ambient dpm levels to jpscertain compliance or noncompliance.
(p.17498) |

The decision by the Agency fto not establish dpm exposure limits
or exposure guidelines willl lead to important negative outcomes:
1) mine operators will be rced to use only one control
technology to reduce dpm enfissions, rather than utilizing those
methods that are the most st-effective and best reduce employee
exposures; 2) mine operato and their employees will have no way
to judge the effectiveness pof engineering controls in reducing
exposures to dpm; 3) there will be little or no incentive for
mine operators to collect posure data that would sustain long-
term epidemiologic studies jof possible dpm-induced adverse
effects to employees.

Moreover, this approach is Jinconsistent with the recommendations
found in the MSHA “Toolbox”] which outlines ways to reduce dpm
exposure by means of ventillation and engineering controls. We
agree with MSHA that the rdqcommended “Toolbox” strategies would
provide potential benefits [to workers in mines where dpm exposure
levels are excessive. Adogtion of the Proposed Rule will
decrease incentives to utillize such “Toolbox” strategies.

Considering the negative inpact of MSHA’s determination that dpm
exposure measurements canndt provide “accurate, consistent and
verifiable results”, we urde the Agency to re-evaluate the basis
for its conclusion. We pajticularly note that other respected
agencies, including the ACQIH TLV Committee (29), the Canadian
Centre for Mineral and Enengy Technology, and the German
government (p.17518) have dither adopted explicit exposure limits
supported by quantitative gxposure measurements Or are moving
forward to establish such Jimits.

Unlike MSHA, we believe thdt appropriate sampling and analytical
methodology do currently ejist to permit accurate, consistent and



verifiable measurements of
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dpm. In fact, we are currently using

several such methods in a $tudy of diesel exhaust exposure in

non-metal mines. Likewise
the NIOSH-NCI study descril
disagreement with the MSHA
discussed below.

ped in the Proposed Rule.

those methods are in use as part of
Our
determination about dpm measurement is

Exhaust emissions from diegel engines consist of a mixture of

gases and complex particulgdtes.

nitrogen monoxide, nitroge
and carbon monoxide. Each
for exposure monitoring and

The major gas emissions include

dioxide, sulfur dioxide, formaldehyde
of those gases has established methods
| each has accepted exposure limits

(such as OSHA and MSHA PELY4) that address occupational exposures.

Particulate emissions cong
surrounded by organic mole
hydrocarbons. Cantrell anj
shown that the vast majorit

[=

ist of an elemental carbon core

ules including polycyclic aromatic
Rubow (14,15,30) and others (31) have
y of diesel exhaust emissions exist as

a submicron aerosol, even

The concerns raised by MS
accurate measurement of di
areas: 1) will elemental c
collection of dpm?; 2) wil
all of the dpm present?; 3)
other substances (e.g. oil
dpm? As discussed below,
inhibit the collection of
concerns, such as whether
dpm is adequately sensitiv
simple and available at a
MSHA in the Proposed Rule:
as 1 pg/m® for a full shift
relatively simple and avai
(p.17507) .

1. Will elemental carbon

fter agglomeration has occurred.

in the Proposed Rule concerning the
sel exhaust fall into three general
rbon from coal dust interfere with the
current sampling techniques collect
will environmental tobacco smoke or
ist) interfere with the analysis of
ach of these concerns should not
posure data. Other potential

e NIOSH analytical method #5040 for
and whether analyses are sufficiently
asonable cost have been answered by
he NIOSH method can detect as little
air sample and the analysis is
ble at a price of $30-50 per sample

Erom coal dust interfere with the

collection of dpm?

Testing of aerosol sa
combinations of the t
and field settings
that nearly all dpm w
diameter (MMD)
nearly all supermicro
These findings were v
using both electric a
(which, therefore, ha

(14) .

of 0.15

ling of dpm, coal dust, and

have been conducted in laboratory
Laboratory testing demonstrated

below 1 pym with a mass median

um. By contrast, coal dust was

ter in size with a MMD of 3-10 um.

ified in field studies of coal mines
diesel equipment. Electric mines

no dpm) demonstrated a single aerosol



had a bimodal aerosol ldistribution with dpm having a MMD of

distribution with a M of about 7 pum, while diesel mines
approximately 0.15 um.

MSHA indicates concerr that if 10% of coal dust were
submicron in size it might interfere with the analysis of
dpm (p.17506). Our filrst response, in light of the findings
of Cantrell and Rubow,| is that MSHA’'s estimate of 10%
submicron coal dust ig too high. But even if MSHA were
correct, that would lgad to a positive interference that
might overstate the tryue value of dpm. Such an error would
lead to overprotectior], not underprotection of workers.
Ultimately, if the colllection of submicron coal dust proved
problematic to some mines, it could be addressed by means of
a correction factor rgflecting the ratio of total submicron
carbon to elemental sybmicron carbon aerosols: the presence
of coal dust would le to higher than expected elemental
carbon levels.

Will current sampling techniques collect all of the dpm
present?

MSHA expresses concerr] that, because up to 20% of dpm might
be larger than 1 um, e of NIOSH Method #7040 for the
collection of dpm migHt underestimate exposure. The agency
cites the work of Vuk et al. (32) in support of its
concerns. The Vuk et Jal. report describes a laboratory
study which evaluated |[dpm from equipment operating in 13
different modes. In J1 of those 13 modes, more than 90% of
the particles were leqds than 1 um. Only two of 13 operating
modes yielded more thgn 10% of dpm larger than 1 pum: in both
cases, the exhaust tenjperature was very low (<200° C) and
particle concentratior]s were the lowest of all in the 13
studied operating modds. Thus, we find that the results of
Vuk et al. do not supgort MSHA’'s concerns.

In addition, laboratofdy and field studies by Cantrell and
Rubow in both coal and metal/non-metal mines (14,15) have
clearly shown that thdre are not significant amounts of dpm
greater than 1 pm that] would fail to be collected using
NIOSH Method #7400. The agency itself has previously
stated: “...that over |90 percent of diesel particulate is
less than 0.8 micromefjlers in aerodynamic diameter ...” (33)

Accordingly, we belieY{e that the most likely bias resulting
from use of NIOSH MetRod #7040 would be overestimation of



the true concentratior] of dpm, due to the presence of
submicrometer-size codl dust as discussed above. Any
underestimation of dpn due to supermicrometer-sized aerosols
can be expected to be |insignificant (<10%). On balance, we
believe that if any cdllection errors occurred, they would
lead to overprotectior], not underprotection of workers.

3 Will cigarette smokind or other substances (e 0il mist)
interfere with the andlysis of dpm?

Under some collection |scenarios, environmental tobacco smoke
(ETS) might cause positive interference with the analysis of
dpm. Some portion of |[ETS may be less than 1 pm and can be
analyzed as organic cqrbon using NIOSH Method #7040. Woskie
et al. (34) reported at for dpm-exposed workers, measured
exposure to respirablgq particulate matter differed depending
on their smoking habifs. However, these investigators did
not use an impactor tq eliminate supermicrometer aerosols,
and they used only a dqravimetric analysis to measure dpm.

By contrast, Zaebst et al. (35) performed similar studies,
but used an impactor separate submicrometer aerosols and
a thermal-optical anallysis method to separate elemental
carbon from organic cgrbon exposures. That study found no
significant increase in worker exposures to dpm based on
smoking habits. Zaebdqt et al. estimated that ETS would

contribute no more th 10 um/nﬁ to total dpm exposure.

It is unclear whether |there are other substances that could
positively interfere wWith the collection and analysis of
dpm. However, the metfhods used by Zaebst et al. to compare
ratios of total and ellemental carbon should differentiate
dpm from other exposunes in mines with unique confounders.

3. Summary

In summary, MSHA’s determirfation that there are no accurate,
consistent and verifiable thods to measure dpm is not
adequately justified in thgq Proposed Rule. Moreover, there is
evidence the MSHA determingtion is not correct. Because of that
determination, the MSHA Ri Agssessment is not quantitative and
fails to meet generally acdepted risk assessment standards. MSHA
is also thereby unable to Hropose exposure limits or exposure
guidelines so that mine opgrators would be able to assess the
effectiveness of various 4 control strategies.

Accordingly, we believe thet there is little evidence to support
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MSHA’s determination that dpm measurements are not feasible, that
the determination renders the MSHA risk assessment deficient, and
that it also prevents mine pperators from evaluating the adequacy
of dpm control strategies ihcluding those proposed in the MSHA
“Toolbox”.
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Appendix B:

Comments dated 7/.21/99 by Jonathan Borak, MD,
prepared as an addendum to earlier comments made
on behalf of Nationzal Mining Association.



The following comments are an eddendum to my earlier comments on the risk
assessment contained in MSHA's Proposed Rules on exposure to diesel
particulate matter (dpm). The primary purpose of this addendum is to address
questions about the adequacy of epidemiological studies linking dpm and lung
cancer in miners, particularly in light of comments made by MSHA's Jon Kogut
during hearings held May 13 in Albuquergue. A second objective is to reconsider
Mr. Kogut's comments and the M SHA Proposed Rules in light of the very recent
Health Effects Institute report on !_Diesel Emissions and Lung Cancer.

Epidemiological Studies cited by Kogut

In his May 13 comments (see Transcript of Proceedings, 5/13/99, p.59-63), Jon
Kogut stated that MSHA had i(ﬁ‘\tified six studies

"that look for an associatign between miners' exposure to diesel
particulate or miners and &n increased risk of lung cancer”

which he then briefly discussed Those studies were cited.

"to clear up the impression ... that we were not ... taking into account any
studies having to do with imining and that we were relying entirely on ... rat
studies ... whose applicatility to humans might be questioned" (Transcript,
p.63). |

The studies can be found summarized in Tables Ili-4 and 111-5 of the proposed
rules for Underground Coal Miners [Fed Reg 63:17545-17554, 1998] and
Underground Metal and Nonmetal Miners [Fed Reg 63:5812-58180, 1998].

In other words, the studies cited py Kogut were included by MSHA in the
Proposed Rules because they apparently support the contention that dpm
causes lung cancer in miners. However, a closer examination of those studies
indicates that they do not provid¢ such support:

« None of the six studies cdntains exposure assessment data;

« None distinguished expoded vs. non-exposed miners;

e Where data are provided |diesel-exposed miners represented only a

minority of the total mining personnel included in each study.

In addition, other important limitétions to the various studies include (but are not
limited to) generally imprecise jcjb categorizations, failure to consider types of
mining performed, failure to congsider important confounding exposures, and
neglect of secondary work expoisures. The following discussion is provided to
clarify those limitations and defi I‘,iencies.
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Boffetta et al. (1)

Background: This study was co
volunteers using self-

79 years of age enrolled in the sfudy. Every two years, follow-

volunteers determined whether

riucted by American Cancer Society (ACS)

administerdd questionnaires. There were 476,648 men 40-

up by the ACS
bjects were alive or dead. Death certificates

were obtained to document causks of deaths.

Occupational assessment: Thre
last occupation, if retired; 3) job
were then coded according an "
classification ... was impractical
derived from a self-administered

DPM Exposure assessment: E
exhaust and eleven other grou

a major problem in self-administ

questions identified: 1) current occupation; 2)

eld for longest period of time. Occupations
hoc two-digit classification ... a more specific
r the large number of ambiguous responses
uestionnaire”.

sure at work or daily life to diesel engine
investigated" by

red questionnaires". Efforts were not taken to

X
pg of substances were "
questionnaire only. The authors gtress that "quality of information on exposure is

determine the accuracy of self-r

orted exposures.

Results for dpm exposure based |on self-reports were:

DPM Exposure in

All Subjects

Exposed to dpm
Not exposed to dpm

62,800
307,143

Description of miners: A total of 1233 subjects were identified as miners. No
information was provided regardipg the types of mining performed (e.g.,

underground) or the ores mined

.g., uranium, copper), although the analysis

included adjustment for self-repofted exposure to "coal and stone dusts" and

asbestos.

Only a small proportion of the milfers reported exposure to dpm:

DPM Exposure

in Miners

Exposed to dpm
Not exposed to dpm
Question not answered

Lung Cancer Analyses: Analysis
mining was performed on the tota
risk of lung cancer in dpm exposé
exposed cases were observed".
exposed analysis was performed

pf the association between lung cancer and

| group of miners. Analysis did not compare
d vs. not exposed miners because "too few

However, when such an exposed-vs-not-

on truck drivers, there was "no overall

association" with dpm.
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Other points of interest: The asséciation between dpm and lung cancer was
confounded by age, smoking, anfd other occupational exposures (e.g., asbestos),
although only a limited number of such exposures were determined. No
association was found between ¢pm exposure and mortality for non-neoplastic
pulmonary diseases.

Waxweiler et al (2)

cancer in a cohort of potash mingrs "exposed during their underground
employment to no known carcindgens in the ore". Death certificates were

Background: This study was cor:£]/ucted by NIOSH to evaluate the risks of lung
obtained for 98.9% of the cohort Wwho died between 1940 and 1967.

least one year at any of eight potsh mining companies. Employment records

Occupational assessment: Studqaincluded miners and millers who had worked at
were reviewed.

as the "major energy source" singe 1949 and another since 1957. Apparently the
other six mines did not use diese] engines. There were no specific measures of

DPM Exposure assessment: Ong of the potash mines had used diesel engines
diesel exposure.

Description of miners: Subjects Were divided on the basis of employment records
into two groups. One group comprised 2743 men who had at least one year of
underground potash work and legs than one year of surface potash work. The
second group comprised 1143 men who had at least one year of surface potash
work and less than one year of upderground work. The underground cohort was
also "subdivided on the basis of Which men had worked (and when)" in the two
mines with diesel engines.

Lung Cancer Analyses: No statisfically significant excess of lung cancer was
demonstrated among the groups|of potash workers, even when duration of
employment was considered. The dpm-exposed miners contributed 19.1% of the
total person years of the study. "No cause of deaths were significantly different
between miners who worked in dleselized mines and those who worked in other
mines”.

Other points of interest: Mortality|rates from non-neoplastic pulmonary diseases
did not differ between dpm-expoded and not exposed miners.

Benhamou (3)

in France with funding from US NCI. There were 1260 cases of proven lung

Background: This case-control stjidy of male lung cancer patients was conducted
cancer and 2084 controls with digeases not related to tobacco. The study was
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performed "principally to study tHe effect of exposure to tobacco on the
occurrence of lung cancer."

Occupational assessment: A "cofnplete occupational history was recorded ...
respondents were asked to give fheir occupations, from the most recent to the
first, with the corresponding duraion (at least one year)."

DPM Exposure assessment: Exdosure to dpm was not considered in this study.

Description of miners: A total of 42 cases and 20 controls were identified as
"miners, quarrymen" but the minihg conditions (e.g., underground) and ore mined
(e.g., uranium, coal) were not redorded in this study.

Lung Cancer Analyses: There wds a statistically significant association between
lung cancer and work as "minersj quarrymen", but there was "no evidence of an
increase in risk with duration of ekposure”. Specific associations between lung
cancer and dpm exposure were fjot evaluated.

Lerchen et al. (4)

Background: This case-control sfidy was conducted to study the incidence of
lung cancer among several ethni¢ groups in New Mexico. A total of 771 controls
were identified by screening randomly selected telephone numbers and from the
HCFA roster of Medicare participgnts. Information was provided by next of kin in
about 50% of cases, whereas 83}k of controls provided their own information.

history”. For the analyses, "the measure of employment experience was whether

Occupational assessment: Study|questionnaire "obtained a lifelong occupational
an individual was ‘ever employed| for at least 1 year in an industry or occupation.”

DPM Exposure assessment: Thefe was no specific measure of diesel exposure.
The authors state that "in the corgext of this population-based, case-control
study, use of job title was the only feasible approach for classifying exposure
status ... grouping by exposure was thus generally not possible. "

Description of miners: A total of 31 miners were identified who specifically had
"underground experience". Of thpse, 7 were uranium miners. The other 24
mined copper, lead, zinc, gold and silver, molybdenum, coal, clay or potash.
Further details were not provided|

cancer. Odds-ratios were the saine for those with and without uranium mining
experience. Specific associationg between lung cancer and dpm exposure were

Lung Cancer Analyses: An assojiation was found between mining and lung
not evaluated.

July, 1999 4



Other points of interest: No increfsed risk of lung cancer was found for jobs that
involved asbestos exposure.

Siemiatycki et al. (5)

Background: This case-control sfudy was conducted to study the association
between 20 sites of cancer and dccupational exposure to ten types of exhaust
and combustion products. Therdq were 3726 hospitalized male cancer patients.
Patients with each type of cancef defined a "case series" which was compared to
patients with other cancers, the "Fontrols".

Occupational assessment: An “in'-depth interview elicited a detailed job history."

DPM Exposure assessment: There was no specific measure of diesel exposure.
The authors state that "a team offchemists and hygienists examined each
completed questionnaire and tragslated each job into a list of potential exposures
... for each subject, the data set gomprised semi-quantitative information on the
degree of exposure.” Moreover, ['relatively high exposures to diesel exhaust
were attributed" to persons who Yorked as miners (emphasis added).

Description of miners: The minerp were not described. Based on data contained
in Table 3 of the study report, 36['mining and quarrying" workers were regarded
as diesel-exposed. The total nupnber of miners and the types of mining
performed were not reported.

Lung Cancer Analyses: An assodiation was found between mining and lung
cancer. With respect to presumeq dpm exposure, the analysis found that there
were "higher risks among those With short exposure than among those with long
exposure”, thus suggesting an inyerse or negative dose-relatedness.

Other points of interest: The authprs concluded that there was “no compelling
evidence that diesel particle extrgcts are more potent than gasoline exhaust
extracts." ‘

Swanson et al (6,7)

Background: This population-baskd case-control study was conducted in Detroit
to evaluate occupational risk factprs for cancer. The study included men 40-84
years of age. There were approqimately 3900 lung cancer patients and 1950
patients with colon or rectal cancgr, who served as controls. (The numbers of
subjects differed between the twq reports). Information was obtained by
telephone interview.

Occupational assessment: A "lifefime work history" was obtained including
"occupational and industry titles qf all jobs ever held, a complete description of
the duties performed, the dates gach job began and ended, and whether the job
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was-full or part-time." Usual ocgupation and industry were defined by "summing
the total number of months a pefson was employed in a specific industry or
occupation over the entire work listory and then selecting the occupation and
industry for which the person haq accumulated the largest number of months of
exposure".

DPM Exposure assessment: The authors state "no direct information has been
obtained regarding specific expopures ... in order to reduce interview time for the
large number of interviews condycted, exposure data were not obtained" (8).
They also admit that, "many of tHe epidemiological studies [of dpm exposure]
suffer from lack of exposure datd, as does this study”. Instead of exposure data,
the authors grouped occupationd and industries according to "probable
similarities in work exposures ... pased on review of the literature and
consultations with an industrial hjgienist and an occupational physician”
(emphasis added). :

Description of miners: The miners were not described. The first report (6)
included 19 cases and 6 controls who were "excavating and mining workers", 23
cases and 7 controls from the "mining industry group”, and 16 cases and 5
controls who were "mining machine operators”. The “mining machines” were not
described. The extent of overlap among those categories was not indicated.
The second report (7) included 156 cases and 99 controls who were "coal
miners". No other miners were ircluded in that study.

Lung Cancer Analyses: An incregsed risk was found between lung cancer and
mining, coal mining, and operatirig mining machines. There was no analysis of
the association of lung cancer and exposure to dpm.

Other points of interest: The authprs describe the association found between
concluded that "there is no compglling evidence that diesel particle extracts are
more potent than gasoline exhaupt extracts."

Summary

As detailed above, the six studieg cited by Mr. Kogut and included in the MSHA
Proposed Rules do not directly afidress concerns regarding associations
between dpm and lung cancer in|miners. By contrast, the only one of the studies
that specifically compared dpm-gixposed and not exposed miners, Waxweiler et
al. (2), found no significant assogation between dpm exposure and mortality due
to lung cancer (or any other causg).

the miners in the studies had an |ncreased risk of lung cancer. These studies
cannot relate such increased to gny particular industrial exposure, lifestyle or
combination of such factors. Thqy provide no basis to attribute any specific

Thus, the strongest conclusion t{t can be drawn from these six studies is that
n
dpm exposure.

adverse health effects in miners
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Health I:ffects Institute Report

This past June, the Health Effects Institute (HEI) published a special report on
the adequacy of published data fpr conducting quantitative risk assessments
(QRA) on dpm and lung cancer (B). Included in the charge to the authors of the
report, the HEI Diesel Epidemiol¢gy Expert Panel was to review “epidemiological
data that form the basis of curredt quantitative risk assessments for diesel
exhaust [and] identify data gaps hnd sources of uncertainty”. A preliminary
report was presented at a large dublic conference held earlier this year and the
final report was peer-reviewed by a large number of scientists including
contributors to, peer-reviewers of, and research cited in the MSHA Proposed
Rules.

There is significant relevance of this HEI report to the MSHA Proposed Rules. If
there are not adequate or approgriate data to perform a meaningful and rigorous
QRA for dpm and lung cancer, then it is not scientifically appropriate or
meaningful for MSHA to cite risk |assessments to justify its proposed regulations.
My earlier comments expressed iny concerns that the published MSHA risk
assessment was not scientifically correct or appropriate.

The HEI Panel first examined “pyblished epidemiologic studies of diesel exhaust
emissions and lung cancer” in ordler to determine whether any were of potential
value for use in QRA. The Paneklconcluded that:
“Only two such studies ref orted any quantitative exposure data
associated in some manner with the occupational epidemiologic studies.”

Neither of those two studies addrpssed concerns about miners. One was a study
of railroad workers (e.g., Garshick et al. (9,10) discussed in my earlier comments.
The other, a study of Teamsters by Steenland et al. (11,12), was not fully
considered in the MSHA Proposdd Rules because an important component (12)
was published only late last year.

Thus in effect, the first conclusior] of the HEI Panel was that there are no
epidemiological studies of minerq that reported any quantitative exposure data
and none are suitable to support QRA on dpm and lung cancer. That conclusion
affirms the discussion above regqrding the epidemiological studies cited by Jon
Kogut.

The Panel then further evaluated|the railroad workers and Teamsters studies.
With regards to the railroad workgrs, the Panel concluded that:

“the railroad worker cohort study has very limited utility for QRA of lifetime
lung cancer risk ... the Panel recommends against using the current
railroad worker data as the: basis for QRA in ambient settings”.
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The Panel’s concerns, which apgly equally to QRA for non-ambient occupational
settings, are in sharp contrast tofthe statements contained in the MSHA
Proposed Rules that describe th¢ railroad workers studies as “the two most
comprehensive, complete, and well-controlled studies available”.

With regard to the Teamsters stddy, the Panel concluded that the study:

“may provide reasonable ¢stimates of worker exposures to diesel exhaust,
but significant further evaljiation and development are needed.”

Summary

The Report of the HEI Panel confirmed that there are no epidemiological studies

on miners that contain quantitatide data on dpm exposure. It also raises serious
doubts about the scientific meanihg of quantitative risk assessments on exposure
to dpm and lung cancer that are based on presently published data.

These findings are consistent with and lend significant support to my earlier
comments on the MSHA Proposdd Rules.
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Diesel Particulate Nlatter Exposure of Underground
Metal and Nohmetal Miners: Final Rule
Federal Register 66:5706-5910, 2001

Comments|of Jonathan Borak, MD

1 The MSHA Statistical Analysis

MSHA embraces two nontraditional (approaches to the interpretation and analysis of
data from studies on dpm and cancer that obscure, rather than clarify the data upon
which the MSHA risk assessment relies. One involves the apparent rejection of the
standard approach to testing for statistical significance, while the other defines even
very small amounts of increased risl“ as evidence of "clearly significant health hazard"
[p.5785].

In embracing these two approaches| MSHA ignores standard teaching (referred to by
MSHA as "common convention" [p.5785]) about scientific inference, rejects generally
accepted legal standards relied upoh by the Federal judiciary and misrepresents key
elements of the literature upon which these novel approaches rely.

Tests of Statistical Significance

The first of these involves the MSHA definition of “statistical significance” and the
approach taken by MSHA to test for|statistical significance and to interpret research
findings. MSHA defines the concepf of “statistical significance” in a standard,
acceptable manner, but in practice the Agency ignores and violates that definition:

the particular group, or statisfical sample, of persons being studied. An
association arising by chancg would have no predictive value for exposed
workers outside the sample."] [p. 5785] (emphasis added)

"A 'statistically significant’ finjling is a finding unlikely to have arisen by chance in

The Agency also presents a standaf"d (albeit simplistic) explanation of why individual
studies might not achieve statisticall significance: 1) There may be no real difference; 2)

The design of the study may not be|adequate to demonstrate a difference (referred to
as a lack of "power"). That explanat:ion concludes:

"lack of statistical significance in an individual study does not demonstrate that
the results of that study were}due merely to chance — only that the study (viewed
in isolation) is statistically incpnclusive.” [p. 5789]



Borak:: Comments on Diesel Final Rule

Because a study’s statistical power ¢an be determined, studies that lack statistical
significance can be divided into two (yroups: those with sufficient power (i.e., negative
studies), and those lacking sufficienSI power (i.e., “statistically inconclusive” studies).

Accordingly, it would have been expicted that the MSHA analysis would divide the "47
known epidemiologic studies that M$HA considers relevant” into three groups: 1)
positive studies (i.e., statistically sigrjificant positive studies); 2) negative studies (i.e.,
those lacking statistical significance jput with sufficient power); and, 3) inconclusive
studies (i.e., those lacking both statistical significance and power).

But such expectations are not met. |nstead, MSHA finds 41 studies to be positive (i.e.,
show a positive relationship betweef exposure and cancer), and the other 6 to be
negative (i.e., do not show such a pgsitive relationship). Not one study is categorized
as inconclusive. This results becauge MSHA ignored its own definitions:

"Some degree of association petween occupational dpm exposure and an
excess prevalence of lung cahcer was reported in 41 of the 47 studies... MSHA
refers to these 41 studies as [positive'. The 22 positive cohort studies are
identified as those reporting g relative risk (RR) or standardized mortality ratio
(SMR) exceeding 1.0. The 1P positive case-control studies are identified as
those reporting an RR or oddss ration (OR) exceeding 1.0. A study does not need
to be statistically significant (st the 0.05 level) or meet all criteria described in
order to be considered a 'pos!‘ltive' study.” [p. 5775] (emphasis added)

Thus, MSHA created a category of ““positive” studies category that did not require
statistical significance, did not consier statistical power, and included studies that
“have no predictive value for expose:d workers outside of the sample” [p. 5785].

By contrast, the MSHA “negative stiidy” category required both statistical significance
and statistical power:

“On the other hand, a study fhust meet two requirements in order to provide
statistically significant evidence of no positive relationship: (1) the upper limit of
its 95-percent confidence int¢rval must not exceed 1.0 by an appreciable amount
and (2) it must have allowed for sufficient exposure, latency, and follow up time
to have detected an existing felationship.” [p. 5785]

A naive reader might assume the N.SHA approach reflects efforts to be “precautionary”,
but more thoughtful examination rey'eals that the MSHA approach reflects fundamental
misunderstandings (or misapplicati¢ns) of standard methods of statistical inference.
That fundamental error is revealed [y considering the MSHA definitions of “positive”
and “negative” in light of standard t¢:achings ("common conventions" [p.5785]) of
statistical analysis. \



Borak:: Comments on Diesel Final Rule

In most statistical analyses used to ¢valuate data of the sort considered here, the
analyst first tests a "null hypothesis"which states that there is no difference between
exposed and unexposed groups (or |zases vs. controls) and that observed differences
are due to chance alone. The goal ¢f the analysis is to determine whether the observed
data "refute the null hypothesis":

"Most epidemiologic research is designed to evaluate scientific hypotheses.
These hypotheses are often gosed as qualitative propositions; the 'null’ form of
such propositions are specifiq statements, such as 'Eating small amounts of
aluminum, compared with eafjng no aluminum, does not increase the rate of
occurrence of Alzheimer's dispase. ('Null' here implies that there is no relation
between the postulated caus¢ and effect, as in 'null hypothesis'). Stated in the
null form, these specific propgsitions are, in principle, highly refutable.”

[KJ Rothman, S F Greenland| Modern Epidemiology (2™ Ed). Philadelphia:
Lippincott-Raven, 1998]

If the null hypothesis is "refuted", then the analysis indicates that a statistically
significant difference exists between the groups and some "alternative hypothesis" is
more likely than the null hypothesis.| On the other hand, if the null hypothesis is not
refuted, then the analytical conclusign is that the two groups are not significantly
different and the analysis provides r]tf) support for the proposal that the exposure was
causal. (It also provides no supportffor the opposite view, e.g., that exposure was
protective).

If significant differences do exist and the null hypothesis is refuted, then it is necessary
to determine whether the exposure increased the target events in the exposed group
(e.g., exposure caused cancer) or plevented the target events in the exposed group
(e.g., exposure prevented cancer). Zither of those two alternative hypotheses could
explain rejection of the null hypothesiis, and either or both alternative hypotheses (i.e.,
causation or prevention) can be con‘usidered in the second step of the analysis.

(It should be noted that in many casss the correct alternative hypothesis is obvious from
looking at the data, while in many others only one of the alternative hypotheses is
operationally relevant. For example, in considering the effect of occupational exposure
to dpm and lung cancer, the relevarit alternative hypothesis is that exposure caused
cancer; there is little practical relevence to testing whether the exposure was
protective). l

But MSHA does not follow that stanijard approach, which would have started with the
null hypothesis: “Occupational exposure to dpm, as compared with no occupational
exposure to dpm, does not increase the rate of lung cancer”. From that starting point,
MSHA would have divided the studies into two groups: 1) positive studies refuting the
null hypothesis (i.e., studies with stztistically significant increased rates of cancer); and
2) negative studies which do not retute the null hypothesis (i.e., studies lacking
statistically significant increased ratlas of cancer).
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The actual MSHA definitions of thos: terms, however, are not consistent with that
standard approach. To the contrary, the MSHA definitions of “positive” and “negative”
are not consistent with testing of the null hypothesis. Instead, they are consistent with a
test of the alternative hypothesis: "Opicupational exposure to dpm, as compared with no
occupational exposure to dpm, decr*ases the rate of lung cancer”. In other words,
MSHA defined positive and negativel as though the question to be answered was
whether dpm was protective against|jlung cancer.

Thus, MSHA divided the “47 known

spidemiologic studies” into two groups:

- 6 of 47 studies that provide§l statistical evidence that dpm exposure was
protective against lung cance

- 41 of 47 studies that do not provide statistical evidence that dpm exposure was
protective against lung cance

This situation arises because MSHA approached the analysis as though any study
failing to document a protective effegt of diesel must perforce be evidence of a harmful
effect. That approach is wrong: Thelconcern is not whether dpm fails to prevent cancer,
but whether it causes that disease, gnd the absence of protection is not an indication of
the potential to harm.

Relative Risks < 2.0

MSHA assembled a group of 41 epidemiological studies that are described as "positive”
without regard to their statistical sigriificance. Among those were numerous studies in
which the observed differences betvfeen exposed and unexposed (or cases vs.
controls) are very small. More specffically, the Agency indicates that a difference as
small as 10 percent is an important and meaningful difference as a matter of policy:

"It is important to note that Mg‘ISHA regards a real10-percent increase in the risk of
lung cancer (i.e., a relative rigk of 1.1) as constituting a clearly significant health
hazard" [p.5785].

That statement, at first seemingly st-aightforward, is so flawed as to be almost
meaningless.

MSHA says that a "real 10-percent fncrease” is "clearly significant”, but the concept
"real increase" is not defined and nq criteria are provided to determine when an
increase is "real". From the MSHA prguments discussed earlier, it is clear that "real" is
not synonymous with "statistically significant” (because statistical significance is not
required) nor does it appear to be bpsed on any other statistical analyses. Thus it
seems that the criterion "real 10-peicent increase" is actually undefined and subjective.
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Accordingly, the MSHA criterion qud;ted above can be paraphrased as follows:

It is important to note that MSHA regards a reported 10-percent increase in the
risk of lung cancer (i.e., a relative risk of 1,1) without respect to its statistical
significance or other tests of aiccuracy and/or validity as constituting a clearly
significant health hazard. |

Also troublesome is the MSHA polic} decision to accept relative risks of 1.1 as defining
the threshold for "significant health Hazard". As a general rule, the Federal Courts have
held that relative risks of less than 2|0 are not sufficient for showing causation [see
discussion at p. 5787], but MSHA hds rejected that view. Instead, MSHA argues that
there is "ample precedent for utilizing epidemiologic studies reporting relative risks less
than 2.0 in making clinical and publi¢ policy decisions” [p. 5787]. To justify its approach,
the Agency cites two precedents, arfalyses of lung cancer risks due to cigarette smoking
and indoor radon. Two references gre cited, the 1989 Report of the Surgeon General:
Reducing the Health Consequenced of Smoking and the 1999 National Research
Council (NRC) BEIR VI: Health Effegts of Exposure to Radon. It is useful here to
consider those two reports and why fhey may not be supportive of the approach taken
by MSHA.

The reason that small increases of relative risks are viewed suspiciously is that they
may reflect confounding or bias, rather than "true” biological effects. This concern is
illustrated by the following statemen|: found in that NRC Report :

"A small relative risk implies that mean exposures of cases and controls differ by
only a small amount, thus limiting study power. The detection of an excess risk
of lung cancer is potentially complicated also by an inability to control completely
for other lung-cancer risk faclors, particularly cigarette-smoking, which has a
relative risk of 10-20." [NRC BEIR VI: Health Effects of Exposure to Radon.
Washington, DC: National Ac‘ademy Press, 1999, at 379-30].

In such situations, large numbers of subjects are required to ensure that the differences
observed are significant and meaningful. This is again illustrated by reference to the
NRC Report on radon, which specif|cally addresses the concerns related to case-control
studies demonstrating very small re ative risks (e.g., 1.1-1.3):

"this implies that the distributjon of exposures for cases is very similar to the
distribution of exposures for ¢ontrols. As a consequence, substantial numbers of
subjects are needed to estaljlish a significant difference in the distributions and to
estimate effects precisely." [NRC, op. cit. at 422-423]

Accordingly, it is interesting to reviefv the actual references cited by MSHA, and to
evaluate how size of samples differpd between the dpm studies and those to which the
Agency looks for support.
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First, MSHA presents a table summegrizing some of the data from Table 1 of the
Surgeon General's 1989 Report. Th¢ data, derived from eight prospective
epidemiological studies, describe relative risks of death from cardiovascular disease in
smokers. We have obtained and reyiewed all but one (a Japanese language study) and
determined that those seven studies described mortality rates in more than a million
people and considered nearly 10 milion person-years of observation. Eight of the ten
relative risk rates found in the table 4s reproduced by MSHA were in the range of 1.6-
2.08 and all achieved statistical significance. It is difficult to see how such findings from
huge, carefully performed studies lefd support to the MSHA approach in interpreting the
results of smaller, less controlled stydies of which many did not achieve statistical
significance.

Then MSHA refers to the eight largefst residential epidemiological studies of radon
exposure and lung cancer, as reanalyzed in a meta-analysis summarized by the NRC.
In citing those studies, MSHA ignorgs that the residential studies were undertaken only
after a causal relationship had been|shown (by means of traditional statistical analyses)
between higher exposures to radon jand lung cancer in miners. Thus, the residential
studies were analyzed to determine whether they were consistent with extrapolations
derived from the experience of minefs. In the case of diesel exhaust, there is no such
certain relation to serve as an analylical benchmark.

Moreover, MSHA has elected to ign{>re the following NRC cautions and caveats:

First, NRC determined that only stuqies with direct measurement of exposure should be
considered:

"The committee concludes thjat only analytic case-control studies that rely on
direct measurement of radon|in houses are useful for evaluating the risk of lung
cancer posed by indoor-radofy exposure." [NRC, op. cit. at 356-357]

This of enormous importance to the/dpm measures because, as pointed out by the
Health Effects Institute {17131} and|others, there are few if any studies with direct dpm
measurements. (This is discussed pelow with respect to two recent studies deemed by
MSHA to be "highest rank”). Thus gn approach consistent with NRC (and HEI) would
find that there were almost no studig¢s suitable for quantitative analysis of the risks of
dpm and lung cancer.

Second, NRC reviewed a study in wWhich three of the eight radon studies were "pooled”
and reanalyzed:

relative risk estimate of 1.0 with 95% CI (0.8-1.3)... Results suggest that relative

"The combined exposure-re\jponse relationship showed no trend with a pooled
risks were consistent with nqg effect of exposure..." [NRC, op. cit. at 416]

Third, a series of NRC-sponsored analyses and subgroup analyses of these studies led
to ample cautionary warnings: |
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"Comparisons of | ) analyses provide an additional framework
for evaluating consistency amjong studies. Variations of risk patterns within
subgroups and inconsistencigs between studies compel a cautious interpretation
of results. Three studies four{d no association with exposure overall and after
intense subgroup analysis. Riesults of the other studies offer mixed support for a
positive association." [NRC, up. cit. at 413]

Finally, these are NRC comments about the meta-analysis that MSHA has cited

"In summary, there was a significant exposure-response relationship in the meta-
analysis... However, meta-arljzlyses are known to have numerous limitations,
including an inability to explore adequately the consistency of results within and
between studies and to control for potentially important confounding factors."
[NRC, op. cit. at 421-422]

Accordingly, it is difficult to understa 1d why MSHA views reports from NRC and the
Surgeon General as supportive to it non-traditional approach to data analysis. To the
contrary, both lend support to the view that the MSHA approach is irregular and,
perhaps, irresponsible.

Methodological Weakness of the Studies

Discussed above is the concern tha small relative risks can result from confounding
and bias, and that such confounding are least likely to play an important role in well-
designed studies with large number} of subjects. Those methodological concerns
contribute to the attribute that MSHA refers to as "power”". Presumably, MSHA regards
the dpm studies has having sufficier t "power" to justify adopting very small increased
relative risks as significant.

This is surprising in light of the manner in which MSHA described this literature in its
1998 Proposed Rule (1):

"[N]one of the existing humar studies is perfect and many contain major
deficiencies... Shortcomingg identified in both positive and negative studies
include: possible misclassifichtion with respect to exposure; incomplete or
questionable characterization} of the exposed population; unknown or uncertain
quantification of diesel exhayst exposure; incomplete, uncertain, or unavailable
history of exposure to tobacdo smoke and other carcinogens; and insufficient
sample size, dpm exposure, br latency period. [MSHA: Diesel Particulate Matter
Exposure of Underground M:tal and Nonmetal Miners: Proposed Rule. Fed Reg
63:7532]

Accordingly, it seems even more di'ficult to understand the MSHA justification for
reliance upon such small increasedireiative risks to justify their Final Rule. One
example of such justification is the ;Agency's reliance on the "Healthy Worker Effect” to
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explain the finding or small or no diffprences in various studies. As described below,
such reliance is without theoretical of practical support.

Healthy Worker Effect

The MSHA Final Rule refers thirty-ei“ght times to the "Healthy Worker Effect" (HWE), a
form of epidemiologic bias that MSHIA describes as follows:

"Because workers tend to be healthier than non-workers, the prevalence of
disease found among worker$ exposed to a toxic substance may be lower than
the rate prevailing in the genejral population, but higher than the rate occurring in
an unexposed population of similar workers. This phenomenon is called the
"healthy worker effect" [p. 5764]. '

As discussed in the Final Rule, the MSHA position is that HWE reduces observed rates
of lung cancer in dpm-exposed workers, thereby tending to conceal or minimize the
apparent adverse effects of exposure. As a result of HWE, MSHA argues, some dpm
studies fail to show an increase in lung cancer mortality (or show lower than expected
rates of cancer), while others demorstrate only insignificant increases. If the HWE were
considered, the MSHA argument coptinues, then most of these studies would have
found more positive carcinogenic effects. Therefore, the absence of an effect in specific
studies reflects study bias (i.e., HWIE), not the absence of biological potency for dpm.

For example:

" factors that would tend to pbscure or deflate an excess risk of lung cancer, if it
existed: (1) a healthy worker pffect..." [p. 5790].

" _.several commenters cited|this study as evidence that exposure to diesel
emissions was not causally associated with an increased risk of lung cancer ...
These commenters apparent]y ignored the investigators' explanation that the low
SMRs they reported were like:ly due to a healthy worker effect” [p.5792].

"...the healthy worker effect ¢:an influence results even when the age-adjusted
mortality or morbidity rate obiserved among exposed workers is greater than that
found in the general populatipn. In such studies, comparison with the general
population tends to reduce the excess risk attributable to the substance being
investigated" [p. 5784]. w

MSHA also discusses adjustments “hat can be made to overcome HWE and points to a
method used by Bhatia et al (2) who arithmetically adjusted standardized mortality rates
for lung cancer in dpm-exposed woll'kers:

"We recalculated the SMR fdr all causes of death after removing observed and
expected cases of lung cancer. Then, we adjusted the expected number of lung
cancer deaths by multiplying|the general population expected number of the
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SMR for all causes excludingfung cancer”. {Bhatia R, et al.: Diesel exhaust
exposure and lung cancer. Egidemiology 9:84-91, 1998]

An assumption that is implicit throughout the MSHA discussion, and explicit in the
approach of Bhatia, is that the effectp of HWE on observed lung cancer mortality are
essentially equivalent (i.e., proportiohal) to its effects on mortality from all causes. But
there are reasons to argue that this & not correct. In fact, there are reasons to argue
that HWE is not even relevant to lunf cancer. As discussed below, that latter view is
shared by a large number of promingnt epidemiologists.

HWE is generally attributed to seleciion bias and confounding {17072}(3,4). With
respect to selection bias, HWE results when there is selective workforce inclusion of
healthier persons and selective exclyision of less healthy persons. This first occurs at
the time of hire (when healthy indiviquals are selected) and it can also occur later, if
workers who become unhealthy are dismissed or voluntarily withdraw from the
workforce. If less healthy people ar¢ excluded from study cohorts (both those initially
excluded and others who are later ekcluded), then those cohorts will necessarily be
“healthier” specifically because the ynhealthy have been removed from consideration.

Confounding can contribute to HWE|in several ways. It occurs when there are
advantages of employment that inflyence workers’ health status for reasons unrelated
to the nature or risks of the work. For example, if workers have access to better health
care than that available to the unemployed and if better health care leads to better
health, then working people will be Healthier than the unemployed. Another example
stems from differences in socio-ecofomic status (SES) between employed and
unemployed people: because SES i an important predictor of health status, employed
people with higher SES will be healthier than the lower SES unemployed without regard
to the types of work that lead to higher SES.

Most epidemiologists agree that the|effects of selection bias are generally more
important early in a person’s work life and do not apply equally to all diseases and
disease processes. For example, thie advantage that stems from the initial selection of
healthy individuals declines over tim

“When follow-up is achieved l'or a total cohort, including those that quit or retire
early for health reasons, theri the initial HWE associated with active employment
declines with time, because ¢f the absence of any continued selection process.”
[McMichael AJ: Standardized mortality ratios and the "healthy worker effect™:
Scratching beneath the surfa“se. J Occup Med 18:165-168, 1976].

“The mortality of employed pprsons, relative to the general population, is lowest
during the period immediatel} after starting employment. Fox and Collier (5)
found that the all-causes moftality of men within five years of entering the
industry was as low as 37% ¢f that expected... The effect decreased with length
of time since entry into the cghort and had almost disappeared after 15 years...
Many other studies have als¢ found relatively low relative risk for the early years
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[Checkoway H et al.: Researgh Methods in Occupational Epidemiology. New

of follow-up, with relative risk§ slowly approaching 1.0 as follow-up continued.”
, 1989].

York: Oxford University Pres

Also, some diseases are more likelyjto be identified during initial screening of job
candidates. For example, persons with obvious physical deformities, symptomatic
respiratory and bowel diseases, and congenital cardiac malformations are more likely to
be identified and excluded during prg-employment exams:

“During the first 15 years of fqllow-up, the lowest relative risks are seen for
nonmalignant respiratory and|digestive diseases. Although these are not
common causes of death, pojentially fatal diseases such as asthma and colitis
are manifest by age 20 and afe a factor in employment.” [Monson RR:
Observations on the healthy yorker effect. J Occup Med 28:425-433,1985]

observed very infrequently arhong employed populations. Very few workers with
tuberculosis work in steel milg.” [Sterling, TD, Weinkam, JJ: Extent, persistence,
and constancy of the healthy worker or healthy person effect by all and selected
causes of death. J Occup Méld 28:348-353, 1985]

“Incapacitating diseases that’E/ould keep individual from working would be

By contrast, diseases such as cancgr are less amenable to early identification. Few
young workers can be identified as lheing at increased risks for cancer. It is especially
unlikely that pre-employment exams| will identify and exclude those individuals who will
develop cancers following long later|cy periods, e.g. after 15-20 years or longer. For
example, consider the following statement from Richard Doll as quoted in (4):

"It is extremely difficult to pre(iict who will get cancer (apart from knowledge of
the individual's smoking habits) and, unless there is selection against smokers, it
is not evident that any of the factors... [leading to HWE]... will have any material
effect on the risk of cancer affer (at the most) 5 years" (4).

More compelling is the following cor"1posite of statements by ten of the world's leading
epidemiologists (Sir Richard Doll, Phillip Enterline, Geoffrey Howe, AJ McMichael, Olli
Miettinen, Richard Monson, William,Nicholson, TD Sterling, and JJ Weinkam) that were
submitted to the Workers' Compensgation Board (WCB) of Ontario and later compiled
and published (4): |

"The HWE is likely to be smalll in: 1) 'diseases unlikely to be manifest at time of
employment’ (Enterline) or diseases that 'occur late in life’ (Enterline), or in other
words, diseases of 'old age' that are less related to health status at start of
employment than are diseasgs of young age (Monson), e.g., cancer; 2) diseases
with symptoms that 'appear qnly a few years before death occurs’ (Enterline), or
diseases that have a 'high fajality rate' which makes initial selection bias
disappear more rapidly than pther long term chronic diseases (Howe), or
diseases that 'have a typicallly silent course until their later stages’ (McMichael),

10
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e.g., cancer, particularly lung fancer; and 3) diseases whose risk factors have
not been 'addressed in the selection processes by which individuals enter and
remain in the workforce’ (McMichael), e.g., cancer " (4).

In short, a substantial proportion of the epidemiologists surveyed agreed that HWE is

not uniform over the work life of indi\iduals and does not pertain equally to all diseases

and disease processes. Contributofs to the WCB survey proposed that:

"causes of death, in the order{of decreasing effect on the HWE, are:
nonmalignant diseases of respiratory, digestive, endocrine and urinary systems;
cardiovascular diseases, circjlatory diseases, and ischemic heart diseases; all
causes; cancers other than lung; all cancers; lung cancer” (4).

"Most contributors said that tfe HWE is unlikely and, therefore, can be ignored in
cancer studies” (4).

Moreover, most of those epidemiochJ\J;ists did not support the concept of adjusting or

correcting results as suggested by |ISHA:
"Sterling and Weinkam sugge sted that 'some corrections for HWE are possible’
... Many other contributors, h>wever, do not accept a single correction factor for
the HWE. They thought that since a number of factors modify the HWE, it is not
possible to make generalizati>ns about a single HWE, and, therefore, the
suggestion of correcting for s|ich an effect using a single figure would not be
valid" (4).

In summary, there is little support injthe epidemiology community for the approach
taken by MSHA with respect to HWI in this dpm-related context. MSHA has neither
critically reviewed the epidemiologic|literature nor defended its reliance on HWE as a
means by which it refutes those findings that disagree with its regulatory objectives.

MSHA has ignored the general view that studies of cancer, particularly lung cancers,
are not much affected by HWE. MSHA has also proposed correction and adjustment
methods that assume uniformity of the HWE, an approach that directly conflicts with the
views of many of the epidemiologisﬂls cited above.

As a result, MSHA has biased its ov/n evaluation of this literature in a manner that
exaggerates the alleged human car|cer risks of dpm, while diminishing studies that are
not directly supportive of the MSHA perspective.

2. Two New "Highest Rank" S!tudies

As means of rebutting criticism of it Proposed Rule, the MSHA Final Rule embraces
two recent studies, one by Saverin 3t al (6) and the other by Johnston et al (7) that are
described as the "highest rank" because they met MSHA criteria for quality of exposure
assessment. Ci

11
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"MSHA agrees that the quality of exposure assessment affects the value of a
study for even hazard identifi¢ation. Accordingly, MSHA has divided the 47
studies into four categories, depending on the degree to which exposures were
quantified for the specific workers included. This ranking refers only to the
exposure assessment and doges not necessarily correspond to the overall weight
MSHA places on any of the sfudies.

"The highest rank, with respegt to this criterion, is reserved for studies having
quantitative, concurrent expogure measurements for specific workers or for
specific jobs coupled with dethiled work histories. Only two studies (Johnston et
al and Saverin et al) fall into this category”. [p. 5784].

This is reiterated when MSHA respohded to criticisms of its methods:

"Furthermore, two of the studfes now available ... utilize essentially concurrent
exposure measurements, anq both show a positive association (Johnston et al
and Saverin et al)" [p. 5808].

Other statements also indicate the special importance that MSHA gave to these two
studies. For example, they were listtd among eight studies described as providing "the
best currently available epidemiologic evidence relating dpm exposure to an increased
risk of lung cancer... this select group" [p. 5795]. Also, with reference to three studies
(Johnston et al and Saverin et al wele two of those three) MSHA stated that it placed
"considerable weight on the fact" the studies were timely and found a positive effect:
"the most recent epidemiologic studips available — reported an association between
diesel exposure and an increased rifk of lung cancer" [p. 5792].

Moreover, it seems that these two stuudies were important to MSHA as a means of
deflecting criticism that Dr. Peter Valberg and | independently submitted in response to
the MSHA Proposed Rule:

"Moreover, two newer studied pertaining specifically to miners do contain dpm
exposure assessments based on concurrent exposure measurements (Johnson
et al; Saverin et al). The majgr limitations pointed out by Drs. Valberg and Borak
with respect to other studies ihvolving miners do not apply to these two studies”
[p. 5790].

Thus, in light of the significance thatMSHA has placed on the Saverin and Johnston
studies, it is useful to examine themmore closely.

The Saverin Study
This reexamination of the Saverin st idy considers two specific issues: 1). Were

exposure measurements "concurrent"? 2). Did the Saverin study find positive
associations? These issues are disgussed below.

12
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Were exposure measurements "conkurrent”?

The Saverin et al study (6) measure(l dpm exposure in a German potash mine during
1992:

"In 1992, measurements of the concentration of total carbon i.e., elemental and
organic carbon in total, in thelairborne fine dust fraction were performed... With
personal dust sampling, and §rea dust sampling where suitable, a set of 255

concentration values covering all workplaces was obtained..." [Saverin, p.416].

substantially after 1970. Thelefore, the concentrations measured in 1992 were

"The mining technology and the type of machinery used did not change
chosen to represent exposurg throughout the study period" [Saverin, p.416].

"Figure 1. Frequency distribufions of 255 concentration measurements,
performed in 1992" [Saverin, p.418].

But, according to Saverin et al, the mine had been shut down in 1991 and most of the

workers had then been discharged:

Germany changed technology to the use of mobile diesel powered vehicles.
From that time until the mineq were closed in 1991, the underground workforce
was exposed to diesel exhau{;t" [Saverin, p.416] (emphasis added)

"During 1969 to 1970, the po}ash mines in the South Harz Mountains area of

""When the mines cased production in 1991, most of the miners were dismissed
and abandoned undergroundiwork and exposure" [Saverin, p.418] (emphasis
added).

It seems, therefore, that the Saverin|exposure survey was conducted after the mine had
ceased production and after most mjners had been dismissed. No details are provided
regarding how and when the closed|mine was reopened, how and when nearly one
thousand workers were rehired, or how and when mothballed and scrapped mining
equipment was restored to operabilify. Given the likely high costs of returning a closed
mine to full operation, plus the fact that the East German potash mining industry "was
sparsely financed" [p. 420], it would pe surprising if this mine was returned to production
solely for this study. Instead, it is mpre probable that exposures were measured during
a staged simulation, not during routihe mining operations.

Accordingly, it seems that Saverin et al and MSHA have both offered an inappropriate
argument to justify their fundamental assumption that exposures measurements made
in 1992 were representative of exposures from 1970 to 1991:

"the mining technology and ttie type of machinery used did not change
substantially after 1970. Therefore, the concentrations measured in 1992 were

13
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chosen to represent exposurg throughout the study period" [Saverin et al, p.416,
MSHA p.5793]. 1
The appropriate concern was whethgr the study considered appropriate and typical
mining conditions and operations, nqt whether "mining technology and the type of
machinery" had changed. If the ming was not operating in a manner similar to its
historical routine, then the exposure jneasurements were not representative of
"exposure throughout the study perig¢d" and the issues of technology and machinery
type are of no particular relevance.

On the basis of the information provided in Saverin et al, it seems likely that exposures
were measured during a staged simylation, not during routine mining operations. On
that basis, we disagree with the MSHA characterization of this study. It seems that the
exposure assessment was probably[not concurrent with operations and did not reflect
the mine conditions during its historigal operations.

The fact that the exposure assessment was conducted after mine production had
ceased has other important implicatipns for the MSHA risk assessment. If the mine was
not at full operation during the Savellin exposure assessment, then the dpm levels
probably underestimated the levels that would have been found during full operation.
Risk calculations derived from such pxposure assessments would necessarily
overestimate the risk associated with dpm exposure. Any risk estimates extrapolated
from these data would be thereby bifsed so as to overestimate the putative
carcinogenic potency of dpm.

Did the Saverin study find positive associations?

The results of the Saverin study do fiot achieve statistical significance and are
ambiguous. Even when the data wgre subjected to various transformations and
evaluated by a variety of statistical t¢sts using non-standard ultra-liberal criteria for
determining significance, no significant effects of exposure could be found:

"The internal sub-cohort comparison on the workshop and the production group
indicated an insignificantly el¢vated lung cancer risk. The risk estimate was
based on only 17 deaths fron} lung cancer and so was susceptible to
misdiagnosis and random imbpalance in smoking habit not covered by the
confidence interval. Cox regression analysis utilizing the individual cumulative
exposures produced a similaj result, the Poisson regression estimates being
somewhat smaller... The principal finding of the study ... was not statistically
significant even at a 90% lev¢l" [Saverin, p. 421] (emphasis added)

MSHA apparently agrees with that c*)nclusion:

"This study has two importanf': limitations that weaken the evidence it presents of
a positive correlation ... a significant probability that a correlation of the

14
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magnitude found could have irisen simply by chance, given that it were based
on a relatively small number ¢f lung cancer cases" [MSHA, p.5794].

Moreover, it is necessary to realize that the study data are also consistent with an
alternative interpretation of the data,jwhich argues that dpm is actually protective! The
potash miners had a lower risk of lurjg cancer than that expected in the East German
population (SMR = 0.78). That is sufprising because all of the workers were exposed to
dpm and 64-70% of them were smolters, a rate that Saverin notes to be "higher than in
the general population”. Saverin et §l and MSHA explain the finding of an SMR < 1.0 by
invoking the healthy worker effect. Eut, as discussed above, most epidemiologists
regard the health worker effect as hqving little or no importance for studies of lung
cancer. In fact, even Saverin et al indicates that one should be cautious in attributing
their results to such effects:

"lung cancer mortality, too, mity be subject to health-worker selection and is
probably also subject to an ingreasing trend over time, paralleling the cumulating
exposure. If so, this could spyriously enhance an effect of exposure" [Saverin,
p.421].

Thus, the Saverin et al. data are als consistent with the hypothesis that exposure to
dpm decreases the lung cancer riskq of cigarette smoking. (It is not my objective to
advance this particular thesis, only td point out the weaknesses and inconsistencies
inherent to the Saverin et al data ang the failure of MSHA to thoughtfully evaluate the
study).

The Johnston Study

measure diesel emissions and were the measurements concurrent? 2). Did the study

Reexamination of the Johnston study considers similar issues: 1). Did the study
adequately control for confounding?

Was diesel measured? Were measukements concurrent?

The Johnston et al study (7) consideled exposure to diesel emissions in six mines, but it
did not directly measure those emissjions in any of the mines. Instead, the study
estimated dpm exposures by two indirect methods. In one method, dpm was estimated
from total respirable dust levels that pvere then adjusted using a series of other
estimated values. For example, conpider the Johnston et al "Short summary" of the
"estimation of respirable diesel exhapst particulate exposures” from dust exposure
measurements for "locomotives opefating downstream (in terms of the ventilation air) of
the workplace" [Johnston, p. 21]:

"Where the locomotives opergted downstream of the face areas ... the diesel

exhaust particulate exposure oncentrations for the locomotive drivers are
estimated as the measured total-respirable dust concentration minus the
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measured ash content, minus the estimated concentration of any other non-
diesel combustible-respirable material (mainly coal dust).

"The respirable coal dust congentration is estimated by comparison of the quartz
content for drivers with the average for face workers, on the assumption that the
ratio of respirable coal dust tq respirable quartz is the same for both... Exposure
of men operating at workplacgs upstream of the locomotive to diesel exhaust
particulate is assumed to havg occurred only during travel. It is also assumed
that all travelers, including thg drivers, were exposed to the same instantaneous
diesel particulate concentratigns during travel" [Johnston, p. 21-22]. (emphasis
added)

It can be seen that this approach did not reflect "concurrent measurements” of dpm, but
calculated estimates derived from a >rior series of estimates and assumptions.
Similarly, dpm exposures were estirrlated indirectly from prior measures of nitrogen
oxides:
"A second (largely) independgnt mechanism for estimation of the respirable
diesel exhaust particulate exppsure concentrations for the same groups of
workers is ... based on existirlg measurements of the concentrations of oxides of
nitrogen to which these groupg of workers were exposed, and on estimates of the
proportion of this that arose frpm the exhaust of the diesel locomotives. This
estimate of the exposure congentration for diesel-exhaust-derived NO, is then

divided by the estimated ratiojof the concentration of oxides of nitrogen to that of
respirable particulate in the ehaust emission, to convert to the latter.

is related to the measured du$t concentrations reported in the PFR studies, but is
largely (but not wholly) indepgndent of the calculations used here to "convert"
those to respirable diesel exhfust particulate exposure concentrations [Johnston,

"In practice, the way that we Have chosen to estimate this NO,-to-particulate ratio
p. 21-22). (emphasis added)

Thus, it is again clear that there werg no "concurrent measurements" of dpm, but a
series of indirect measurements conyerted to dpm estimates by means of a series of
prior estimates and assumptions, seyeral the same as used in the preceding method.
In light of the methods actually used|by Johnston et al, we disagree with the MSHA
description of this study as "highest §ank" for the quality of its exposure assessment. |n
fact, it seems that MSHA itself agre€ls with our views of the limitations in this study:

"Two limitations of this study yeaken the evidence it presents... First, although
the exposure assessment is quantitative and carefully done, it is indirect and
depends heavily on assumptipns linking surrogate measurements to dpm
exposure levels" [MSHA, p. 5f93].
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Moreover, the two approaches that Jlohnston et al used by estimate dpm exposures
yielded dissimilar results. In the Final Rule, MSHA describes this in generous terms:

"In four of the six dieselized rli)nes, the NOx-based and dust-based estimates of

dpm were in generally good dgreement” [MSHA, p. 5792].

It is surprising that MSHA viewed th¢se results as "generally good", because Johnston

et al did not. With regards to the exposure estimates for locomotive drivers, the study

authors concluded as follows:
"The two separate estimates for Colliery Q, for Colliery W and for Colliery Y
compare reasonably well. Hqwever, for Colliery K and for Colliery X, the
estimated respirable diesel exhaust particulate exposure concentration from the
NOx data is less that half of that derived from the PFR dust data in all cases.
The largest differences occurlfor the Flockton seam at Colliery K, and for the
Barnsley seam at Colliery X, yhere, in each case, the first of the estimates are
approximately 6 times the las

"Given the differences in measurement technique and the assumptions applied
for both sets of estimates, the general finding is that the level of agreement
between the two set is considzred to be encouraging" [Johnston, p. 52].

measurements were crude and imprgcise. Accordingly, we believe that MSHA has

In summary, we find that Johnston et al did not measure diesel and that the
mischaracterized the study methodsjand the qualities of its exposure assessment.

Did the study control for confoundind?

consideration to the important role of confounding. With respect to the criterion

In the Final Rule, MSHA states cleaijy that its valuation of studies gave important
, MSHA states:

‘Composition of Comparison Group

"MSHA includes bias due to qonfounding variables under this criterion if the
groups differ systematically with respect to such factors as age or exposure to
non-diesel carcinogens. For g¢xample, unless adequate adjustments are made.
comparisons of underground niners to the general population may be
systematically biased by the miners' greater exposure to radon gas” [p. 5783].

This concern is repeated several pages later in the Final Rule:

"With respect to lung cancer, fhere are many reasons why workers from a
particular group of mines might not be selected for study... many mines contain
radioactive gases and/or respjrable silica dust, making it difficult to isolate the
effects of a potential carcinogen” {p. 5789].
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Accordingly, is a surprise that in its gvaluation of the Johnston study, MSHA described
the presence of important confoundihg and recognized the study authors' concerns
about that confounding, yet then disfegarded its own criteria in an enthusiastic rush to
embrace the Johnston study:

" limitations of this study wealten the evidence it presents...the highest estimated
cumulative dpm exposures wgre clustered at a single coal mine, where the SMR
was elevated relative to the rggional norm. Therefore, as the authors pointed
out, this one mine greatly inflyences the results and is a possible confounder in
the study. The investigators glso noted that this mine was ‘found to have
generally the higher exposurgs to respirable quartz and low level radiation'.
Nevertheless, MSHA regardsiit likely that the relatively high dpm exposures at
this mine were responsible fof at least some of the excess mortality. There is no
apparent way, however, to asgertain just how much of the excess mortality
(including lung cancer) ... shquld be attributed to high occupational dpm
exposures and how much to gonfounding factors distinguishing it (and the
employees working there) frogn other mines in the study" [MSHA, p. 5793].

Thus, it seems that MSHA simply decreed that confounding in Johnston et al was of
insufficient importance to doubt the study and its conclusions. But the decision to
ignore confounding at that mine ("Cclliery Q") was significant for several reasons. First,
the manner in which it was done suggests that MSHA did not understand the
importance of that one mine to deter"nining the study results.

In the Final Rule, MSHA says:

"as the authors pointed out, t1is one mine greatly influences the results" [MSHA,
5793},

but that statement substantially und1rstates its importance, as described in the report by
Johnston et al:

"The strength of the relationstiip between lung cancer mortality and lagged diesel
exposure was entirely depenc¢ent on the relatively high exposure at Colliery Q
where mortality was slightly higher than regional background rates" [Johnston,
p.94] (emphasis added)

Moreover, to determine the influencq of Colliery Q on the overall findings, Johnston et al
repeated their analyses after excludihg the men from pit Q:

"With this reduced cohort, diepel exposure was not even close to being
statistically significant and, in fact, resulted in estimated relative risks per unit
exposure lower than 1.0 for tHe 15-year and 25-year lagged exposures™
[Johnston, p. 89] (emphasis @#dded)
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Thus, the findings in this particular sfudy, which MSHA described as among the "select
group”... "the best currently availabl epidemiologic evidence relating dpm exposure to
an increased risk of lung cancer" [MBHA, p. 5795, is entirely dependent on one of ten
mines in which elevated levels of dpn, quartz and radon were all simultaneously
present. As an act of faith, MSHA hgl determined that the excess risk of lung cancer in
that mine was due to the dpm. In refiching that conclusion, MSHA violated its own key
criteria for this literature review.
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